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INTRODUCTION 
It has been shown in several studies that insects 
harbour specific organisms like bacteria, Blochman bodies and 
yeast etc. in different parts of their bodies especially in the 
abdomen. Most of the insects studies conducted so far by 
various authors have shown that these symbionts are confined to 
specialized cells called mycetocytes, which are grouped to form 
mycetomes. The mycetomes when present in some insects are very 
small and while in others they are quite large in size occupy-
ing considerable space. The size of mycetomes generally varies 
with the age and developmental stages of insects as well as 
with the sex. In some species the mycetome. is a single small 
body, while in others it occurs in the form of pairs or in 
groups of small mycetocytes. The colour of mycetomes also 
varies, may be white, transparent or colourless and, therefore, 
cannot be distinguished from the surrounding tissues. The 
mycetomes may also be coloured and easily distinguishable in 
some insect species. 
There have been many attempts to ascribe the mycetomes 
and their functions in the maintenance of insect's life 
process. Balbiani(1866) considered that mycetomes are connec-
ted with sex of insect and postulate them as male and female 
mycetomes. He thought that function of mycetome someway would 
explain pathogenesis. In 1882, Witlaczil believed that 
mycetome of the Malpighian tubules has excretory function, but 
later this idea was abandoned. Metchnikoff(1886) thought that 
the function of mycetomes in aphids was probably nutritive and 
supply food nutrients to developing embryo. Later this idea 
was rejected because instead of becoming smaller as Yolk during 
embryonic development, it became larger. Portier(1918) consi-
dered the mycetome of aphids as an organ of synthesis, trans-
forming certain substances in the imbibed plant sap into plant 
substances that were utilizable by insects. It is evident that 
different workers gave variable suggestions to explain the 
function of mycetomes. 
A number of studies have been carried out on the micro-
organisms of insects. Mahdi Hasan(1941), Stei'^ hausl 1941,1946 ) , 
Brooks,(1963)fBrooks and Richard{1956) , Gresson and Threadgold 
(1956), Koch [^ 1956, 1960), Richard and Brooks( 1958) , Pant et 
al.(1957), Musgrave et al.(1962) , Musgrave(1964), Buchner(1965) , 
Khan(1972), Gupta et a]^ .(1982) and Hasan(1983). 
Term of symbiosis in a broad sense includes not only 
relationship of mutualism but also parasitism and commensalism 
(Steinhaus, 1946). Therefore, it means "an association of two 
dissimilar organisms living together is symbiosis" irrespective 
of their mutual benefit. Steinhaus(1949) was of opinion that 
most of Intracellular Symbionts were beneficial to the host and 
many of them were absolutely essential for the life of Insect. 
He further believed that a large number of these symbionts 
develop upon their host. Some experimental evidences had been 
produced to show that most of symbionts were harmless to host 
and was distantly beneficial to them. 
The correlation in many cases were made between the type 
of food eaten and presence or absence of symbionts. Thus, 
blood sucking species, wood borers, stored grain pests and 
plant suckers harbour symbionts(Koch, 1956). The roaches which 
are omnivorous in habit also harbour intracellular microorga-
nisms. The symbiotic relationship of various microorganisms of 
different insects were studied by different wokers in different 
orders. Mansour(1930, 1934, 1935), Musgrave and Miller(1953, 
1956), Koch(1960), Gabrani(1970), Singh(1971), Gasnier and 
Nardon(1986) , Douglas(1988) , Marioka and Ishikawa{1992) and 
Heddi et a].. (1993) . 
Available literature review reveal that there is a 
considerable controvercy on the i_n vitro culture of micro-
organism. Difficulties in culturing the intracellular micro-
organisms have been surmounted through the studies made by Pant 
and Fraenkel(1954), Putcha(1955) , Huger(1956), Musgrave and 
M.-iILer(1958), Crawf ord et al. (1960 ) , Brooks (1963) , Lanham(1968) , 
Gabrani(1970) , Singh(1971), Khan(1974,i976 ) and Hasan and Khan 
(1983). These workers claimed that microorganisms isolated 
from mycetomes and mycetocytes could be grown on artificial 
media. Putcha(1955) after making repeated efforts was success-
ful in isolating the symbionts of Pediolus vestimantii and 
culturing them on blood agar. Crawford et a]^ .(1960) isolated 
three bacterial species from larva, pupa and adult stages of 
Sitophilus sp. None of these species were pathogenic to weevils 
nor did any one of them seems to be microorganism inhibiting 
mycetome. 
Brooks(1963) observed that intracellular symbionts are 
capable to grow by various cultural techniques and apparent 
growth of symbionts in few cases is due to contamination. 
Gabrani(1970) was successful in culturing the bacteria of 
Sitophilus sp. in nutrient agar media. Some attempts have been 
made to show nutritional requirements of microorganisms and 
their host by Khan and Zaidi (1976). 
Koch(1936) and Glaser(1946) reported that subjecting saw 
toothed grain beetle and other insects at 36°C and 39°C for a 
considerable time, kill symbionts which prevent development of 
female sex glands but male sex glands were not effected. 
A new approach to mycetomal research was initiated by 
Koch(1936) who observed bacterial inhibition in fat bodies of £. 
americana, when Tripaflavin was injected into body cavity of 
host. The inhibition of mycetomal bacteria with sulfa drugs was 
reported by Brues and Dunn(1945). Antibiotic discovery opened a 
new field in symbiont research and highly satisfactory results 
were obtained with the use of Chloromycetin, Terramycin, Strep-
tomycin, Penicillin etc. Exploitation of various drugs in the 
elimination of symbionts began when Steinhaus and Bell(1953) and 
Schneider(1956) administered (-hloromycetin, Aureomycin, Penici-
llin, Terramycin, Streptomycin, Kennamycin and various other 
sulfa drugs through food, in drinking water or in the form of 
injection to bring about partial killing or total elimination of 
mycetomal symbionts. Steinhaus and Bell (1953) treated S_. 
granarius/ R. dominica and Oryzaephilus surinamensis with 
Penicillin, Streptomycin, Chlorotetracycline and Oxytetracycline 
for elimination of symbionts. Schneider(1956) reported that 
Terramycin and Aureomycin when orally administered against S^. 
granarius and S^. oryzae resulted in destruction of symbionts. 
Khan(1976) concluded that these drugs could be administered 
through the food of insect in order to kill mycetomal micro-
organisms and disturb the balance. 
Khan et a_l. (1980) used another approach for controlling 
insects by integrated method i.e. bacterial cum pesticidal 
application on Hieroglyphus nigrorepletus(Bolivier) where they 
determined effectiveness of application of chemicals such as 
Demicron^Bavistin and bacterial formulations. Bavistin prove to 
have no pesticidal effect. 
Mian and Khan(1981) have isolated Klebsiella sp. from 
mycetome of Clovia punctata.They found Althrocin and Chloromycetin 
highly growth inhibitor, while Gentamycin and Terramycin 
moderate in their action. They further observed that Penicillin 
and Streptomycin are least effective. Hasan and Khan(1984) 
studied successive generations of R. dominica when reared on 
sulfa drugs mixed diet at various concentrations and observed 
that symbionts from above treated insects were adversely 
effected but drugs failed to eliminate them totally. Heavy 
mortality as well as loss in multiplication potential of symbi-
onts occured when concentration of sulfa drugs was increased. 
There was comparatively high mortality in F2 and F3 generations 
compared to Fl generation. These observations may be used for 
eliminating the obligatory symbionts from host for controlling 
it biologically. 
Hassan and Khan(1984) studied _in vitro effect of vitamins 
on growth of symbionts isolated from Sitophilus granarius and 
observed that growth of Staphylococcus albus, which was identi-
fied by In vitro culture, morphological and biochemical tests 
was enhanced by Vit. B followed by Vit. K, Vit. B complex and 
Vit. B6 which may be considered as growth factors. 
Hasan and Khan(1985) studied effect of different insecti-
cides on symbionts of R. dominica. They recorded heavy morta-
lity as well as loss in multiplication potential of symbionts. 
When concentration of insecticide was increased there was 
comparatively high mortality of symbionts of F2 and F3 genera-
tion as compared to Fl generation. High potential insecticides 
were Calcium arsenate, DDT, HCH followed by Lead arsenate and 
Sodium chloride. 
Hasan et a]^ .(1989) studied susceptibility of mycetomal 
symbionts of R. dominica to different sulfa drugs _in vitro. 
Effect of these drugs at the cone, of 0.1 to 0.5% was tested on 
growth of B. subtilis. Highly inhibiting properties were 
manifested by Sulfamethoxazole followed by Sulfathiozole, 
Sulfadiazine, Sulfasomide and Pented sulfa. These results may 
be useful in elimination of symbionts from host by feeding them 
through feed. 
Steinhaus(1951) for the first time, while studying the 
control of alfalfa caterpillar, Cplias eurytheme(Boisduval) had 
suggested that crystalliferous bacterium B. thuringiensis var. 
thuringiensis might possess the characteristics of ease of 
production, viability and virulence that would make it potent 
microbial insecticide. 
Utilisation of microorganisms to keep pest population 
below threshold level is not only more promising, but specific 
in its action and also non-toxic to animals and plants 
(Steinhaus, 1951 and Fisher and Rosner, 1959). Various micro-
bial insecticides are of narrow host range and infects some 
coleopterous insects. The most susceptible, are larvae of 
Lepidoptera having alkaline gut contents and enzymes which 
di£;solve crystals and release toxin. (Heimpel and Angus, 1959.) 
Microbial insecticides can be applied as bait, dust or 
spray alone or in conjunction with parasites, predators or other 
pathogens. Different varieties of Bacillus thuringiensis have 
been tested for control of several insect pests. Krieg(1961) 
reported that B_. thuringiensis and its varieties has been tested 
successfully against more than 100 insect species from various 
orders viz., Lepidoptera, Coleoptera, Hymenoptera, Diptera and 
Orthoptera. He further reported that several substances viz., 
theirmolabile endotoxin, thermostable exotoxin, bacillogenic 
antibiotic, Lecithinase and Proteinase are produced by B. 
thuringiensis which are toxic to Insect. Libby and Chapman 
(1971) recommended the use of commercial product of B. thurin-
giensis var. thuringiensis and commercial products from HD-1 
Isolate (Kurstaki) on regularily weekly basis throughout the 
growing season for control of cabbage caterpillars. Varma £t a_l. 
(1974) observed that Dipel @ 1 and 1.5 g/L and Thricide HPSC @ 
1.5 g/L were effective in controlling Pieris brassicae. 
Hasan and Khan (1984) studied the effect of bacterial 
formulations viz., Thuricide, Dipel, E-61 and IPS-78 on the pH 
of different parts of alimentary canal, haemolymph and excreta 
of R. dominica and observed remarkable changes in the pH and 
colour of excreta. 
Hasan et a]^ .(1994) studied the efficacy of B. thurin-
giensis against caterpillars of Corcyra cephalonica (Stainton). 
Pathogenic effects were visible after 24 hours. The Caterpillars 
became sluggish, developed asciatic abdominal segments and 
acquired dark pigmentation and ultimately died of septicemia. 
Body colour changes from grey to brown and finally black. At 
the cone, of 5 mg/gm mortality upto 40 to 60% of larvae was 
observed. On wheat flour and meridic diet, increase in pH level 
of haemolymph, alimentary canal and excreta was observed. 
Hov^ ever, pH of the mouth and malpighian tubules remains un-
changed . 
Long before development of Synthetic organic substances, 
natural substances derived from plants were successfully 
employed in the pest control. It is estimated that we have more 
than 17/000 species of Angiosperms alone growing in our country 
and each have organs; (a) under ground parts (root-rhizomes 
etc), (b) aerial parts (leaves and stems), (c) Flower, fruits 
and seeds to be investigated for their pesticidal properties. 
Botanical pesticides are also gaining much importance 
nowadays as they are safe to use and have almost no residual 
action in comparision to other chemical insecticides. These 
plant derivatives evaluated so far have generally been found to 
conserve parasites, predators of insect pests and hence are of 
immense value in integraded pest management. Pradhan et al. 
(1962) reported the feeding deterrent property of Neem Seed 
Kernel suspension against desert locust Schistocerca gregaria. 
Subsequently several bioactive ingredients were isolated from 
various parts of the tree and these findings aroused of world 
wide interest in the insecticidal bioactivity of plant extracts. 
Powdered rhizomes of Acorus calamus has been successfully tested 
for their insecticidal properties by various workers against 
insect pests. Paul et al.(1965), Chander and Ahmed (1982), 
Bandara et al.,(1990), Su,(l99l) Tiwari,(1993 ) . 
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Chander and Ahmed (1982) found that oil extracts from 
five medicinal plants ha^  ovicidal . repellent and protectant 
properties against Callosobouchas Chinensis. They further 
observed that percentage of oviposition on seed was signifi-
cantly reduced when oil from rhizomes of Acorus calamus and 
Curcuma amada and seeds of Carum CapXicuni and Bassia longifolia 
were applied at dosages of 0.2 and 0.5 mg/Kg. 
Pandey et al.(1987) evaluated the efficacy of 0.5, 1.0 
and 1.5% plant extract of Lantana camera against aphids and 
found that 1.0% and 1.5% concentrations were effective in 
killing aphids^causing 66.66% mortality. 
Bandara et ad.(1990) observed that dichloromethane 
extract of rhizomes of Acorus calomus possessed highest aphicidal 
activity due to active ingredient asarone. They further 
observed that dichloromethane extract applied -s 1000 ppm to 1st 
instars significantly lowered fecundily of resulting adults; and 
at 2000 ppm extract had a residual repellent effect for 2 hours 
on the aphid. 
Chander et a]^ .(1990) reported that powdered rhizomes of _ 
A. calamus at 0.1% and 0.2% concentrations (W/W) proved as 
protectant of milled rice against S^. oryzae for a period of 6 
months storage. 
Su (1991) observed that calamus oil @ 30 pg/Insect was 
highly toxic, to Lasioderma serricorne(F) and toxic to Calloso-
bruchus chinensis and Sitophilus oryzae when applied @ 50 vq/ 
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Insect causing 98.3 and 61.3% mortality. Calamus oil was 
ineffective against red flour beetle, Tribolium castaneum. He 
further observed that when oil was applied @ 1000 ppm to wheat 
it provided complete protection against infestation of 
Sitophilus oryzae and Callosobruchus maculatus. 
Saxena et al.(1992) found that aerial parts of Lantana 
camera possessed insecticidal, antiovipositional and antifeedant 
activities against, Callosobruchus chinensis • Petroleum ether 
and methanal extracts showed 10-45% mortality at 1-5% concentra-
tions. At 5% concentrations, extract showed complete antifee-
dant actions. Antiovipositional values evaluated were 30 mg/ 
lOOg for Petroleum ether extract and 40 mg/lOOg of feed for 
methanol extract. 
Tiwari (1993) studied efficacy of powdered rhizomes of A. 
calamus against Sitophilus oryzae infesting wheat and observed 
that powders of A. calamus @ 1% (VJ/vJ )reduced the kernel infesta-
tion and Fl progeny production significantly. He further 
observed that at lower dosages of 0.5% (W/W) Acorus calamus 
controlled infestation of S. oryzae and its multiplication in 
treated wheat. 
It is estimated that in India 85% damage is caused from 
different sources to stored grains. On an average, storage 
losses due to insect pests for all grains have been estimated at 
about 10% of annual production, which in terms of quantity is 
around 100 million tonnes. 
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It is evident from the foregoing account regarding the role 
of mycetomas and mycetomal micro-organisms in the life of 
the insects which are economically important stored grain 
pests. Despite its significance very little work has been 
carried out on these lines. 
Therefore, in the present studies an attempt has been 
made to isolate, cultivate and identify mycetomal micro-
organisms associated with Oryzaephilus surinamensis (L), 
Rhizopertha dominica (F) and Sitophilus granarius (L), and 
to investigate the effects of (1) synthetic pyrethroids viz, 
Ralothrin (25EC) and Sumicidin (20EC), (2) two commercial 
formulations of Bacillus thuringiensis viz, IPS-78, R-153-78 
(3) and some plant extracts viz, Acorus calamus, Nigella 
sativa, Vernonia antethelmintica, Myricanagi officanalis, 
PongareLa glabra, Zataria multiflora, Mentha spicata and 
Lantana camara were examined on the growth of mycetomal 
microorganisms under iii vitro system. 
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MATERIALS AND METHODS 
A survey was conducted in the farm houses of Aligarh, 
godowns of Dhanipur, Aligarh and Muzzaffarnagar mandees to 
collect stored grain pests. The collected pests were brought 
to the laboratory and identified as Oryzaephilus surinamensis 
(L)., Rhi zopertha dominica (F) and S£t.ophilus granarius (L). 
The stock culture of each insect pest was maintained in the 
insectary at constant temperature of 31+1°C and relative humi-
dity 704^ 2%, These insects were handled with care in order to 
avoid any kind of physical and mechanical injury and rearing 
jars were thoroughly cleaned in order to prevent any microbial 
infection especially for bacteria and fungi. 
The insects Vere etherized before dissection and body 
was washed in 1:1000 V/V mercuric chloride solution. These 
insects were rinsed with sterilized double distilled water. 
The dissections were performed in a cavity block containing 
normal saline under the binocular microscope in the sterilized 
conditions and dissection fluids were kept clean by frequent 
changes. The dissecting instruments were sterilized in 95% 
ethanol and flamed before use. 
Isolation and Cultivation of Mycetomal Microorganisms 
Mycetomes after removal from abdomen, were transferred 
to the culture tubes containing sterilized normal saline. 
Mycetomes were macerated by means of sharp needle. Mycetomal 
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microorganisms were transfered to nutrient broth tubes and 
incubated for 24 hrs at 37°C. Tubes showing turbidity indica-
ted growth of bacteria. Bacteria from all such tubes were 
plated on different bacteriological media. The individual 
colony from above plates was transferred to Nutrient agar slant 
and incubated at 37°C for 24 hrs. Agar slants were stored in 
refrigerator. The other detail techniques for isolation and 
cultivation were same as described earlier by Baker (1967) and 
Khan (1976). 
Preparation of Stain's and Techniques 
(a) Grami's Stain 
1. Crystal Violet Stain; 
Crystal violet stain was prepared by dissolving 5g of 
crystal violet in 100 ml of sterilized distilled water. 
2. Iodine Solution; 
Iodine solution was prepared by dissolving 20g of 
Potassium Iodide and lOg of Iodine crystals in distilled water 
and make up to one litre. 
3. Counterstain - Neutral Red Solution; 
Counterstain was prepared by dissolving Ig Neutral 
red in distilled water and adding 2ml of 1% acetic acid 
Solution and make upto 1000 ml. 
The smear was first treated with crystal violet solution 
for 30 seconds followed by Lugol's iodine for 30 seconds. 
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?Vbsolute alcohol was then applied, till no more colour appeared 
to flow from preparation. After washing with water it was 
counterstained with Neutral red for 2 minutes. Slides were 
then washed thoroughly with water and blotted dry. The proce-
dure used was the same as recommended by Baker (1967). 
(b) Capsule Staining 
To determine the presence of capsules, smears were 
stained with Nigrosin methylene blue in the following manner:-
Solution A was prepared by dissolving 5g of Nigrosin in 
100 ml of distilled water and was boiled in water bath. 0.5 ml 
of 30% Formalin was added as preservative. Solution B was 
prepared by adding 300 ml of saturated alcoholic solution of 
methylene blue and 10 ml of 1% aqueous potassium hydroxide in 
990 ml of distilled water. 
One loopful of bacterial culture was kept on a clean 
slide. A little amount of solution A was mixed in thoroughly 
and allowed to dry and finally fixed with slight heat. The 
solution B was then applied for 30 seconds and rinsed with 
water. 
(c) Spore Staining 
The smears were fixed with minimum heat, stained for 10 
minutes with a saturated solution of malachite green and washed 
with water. They were then counterstained with 0.25 percent 
safranin for 10 seconds, washed with water and blotted dry. 
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(d) Motility 
Motility was tested by preparing hanging drops of young 
cultures and tissue suspensions which were examined under 
Phase-contrast microscope. 
Preparation of Media 
Ci) Nutrient Broth; 
The Nutrient broth was prepared by dissolving 10 gm of 
peptone, 3 gm of beef extract and 5.0 gm of sodium chloride in 
one litre of sterilized distilled water. pH of medium was 
adjusted between 7.6-7.8. Medium was filtered through absor-
bent cotton and sterilized by autoclaving at 15 lbs for 15 
minutes. 
(ii) Nutrient Agar; 
Nutrient agar was prepared by dissolving 20 gm of Agar, 
10 gm peptone, 3 gm beef extract and 5 gm of sodium chloride 
in one litre of sterilized distilled water. Medium was 
dispensed in culture tubes and sterilized by autoclaving at 15 
lbs for 15 minutes. Agar slants were prepared and stored in 
JCef rigerator. 
(ill) Blood Agar: 
Blood agar was prepared by melting few ml of Nutrient 
agar and adding 5-10 percent of sterile blood. Medium was 
poured in culture tubes for preparing slants and was incubated 
for 24 hrs at 37°C. 
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(iv) Teepol Meditun; 
Teepol medium was prepared by dissolving 2% i^ar, 1% 
Lactose, 1% Bromothymol blue and 0.2% Teepol in 100 ml of 
Nutrient broth. Medium was sterilized by autoclaving at 15 lbs 
for 15 minutes. 
(v) Potato Agar; 
Potato agar medium was prepared by adding 100 gm of 
peeled and washed potatoes in 300 ml water and was autoclaved 
for one hour. The extract was filtered through cotton and 
volume was made upto 1000 ml. 
Biochemical Tests 
(a) Indole Test; 
Production of Indole was tested with medium prepared by 
dissolving 20 g peptone and 5g of chloride in sterilized 
distilled water and making solution upto one litre. Kovac's 
reagent was prepared by dissolving lOg p-Dimethyl amino benzal-
dehyde in 150ml of amyl alcohol and 50ml of cone. HCl. Test 
organisms were inoculated in culture medium and incubated for 
96 hrs at 37°C. After 96 hours incubation 0.5 ml Kovac's 
reagent was added. Appearance of red colour showed positive 
reaction. 
(b) Citrate Test; 
Citrate test was performed with Koser's medium. Medium 
was prepared by dissolving 5g NaCl, 0.2g magnesium sulphate, Ig 
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ammonium dihydrogen sulphate chloride, Ig potassium dihydrogen 
sulphate and 5g sodium citrate in distilled water and make upto 
1 litre. Medium was autoclaved at 15 lbs for 15 minutes. 
Sterilized culture tubes containing few ml of medium were 
inoculated with test organisms and incubated for 96 hours at 
37°C. Turdibity in medium showed positive reaction. 
(c) Hydrogen Sulphide Production Test; 
Hydrogen sulphide production was tested with medium 
prepared by dissolving 7.5g of meat extract, 25g of peptone, 5g 
of sodium chloride and 120g of gelatin in distilled water and 
make up to one litre. Medium was sterilized by autoclaving at 
15 lbs for 15 minutes. Culture tubes containing sterilized 
medium were inoculated with test organisms and were sealed with 
paraffin wax. Blackening of medium showed positive reaction. 
(d) Nitrate Reduction Test: 
This test was performed with medium prepared by dissolv-
ing 0.2g potassium nitrate and 5.0g of peptone in distilled 
water and was autoclaved at 15 lbs for 15 minutes. Solution A 
was prepared by dissolving 8.0g sulphanilic acid in one litre 
of acetic acid 5 mol/litre. Another solution B was prepared by 
dissolving 5.0g o^-naphthy lamine in 1000 ml acetic acid 5 mol/ 
litre. Medium was inoculated with test organisms and incubated 
for 96 hours. The 0.1 ml of test reagent prepared by mixing 
equal volume of solutions A & B was added to culture tubes. 
Appearance of red colour within few minutes indicated positive 
reaction. 
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(e) Litmus Milk Test; 
Litmus milk test was performed with medium prepared by 
adding to 250ml of skimmed milk, 6.25ml of litmus solution. 
Medium was distributed in 5ml amounts in culture tubes and 
was inoculated with test organisms. Fading of colour of Milk 
on storing indicated positive reaction. 
Preparations of Chemicals 
(a) Concentrations of Synthetic Pyrethroids: 
Synthetic pyrethroids, sumicidin (20EC) and Ralothrin 
(25EC) were procured from Rallis India Ltd. Bangalore. 
Various concentrations of Sumicidin (20EC) and Ralothrin 
(25EC) were made in sterilized double distilled water 
according to Pearson Square method. { In: A Text Book of 
Applied Entomology (Ed. Srivastava,(1991). Kalyani 
Publishers, New Delhi,3tl2-pp.)» To prepare 0.01% of 
sumicidin, 0.01ml of sumicidin was added to 19.99ml of 
sterilized double distilled water. Similarity 0.02%, 0.03% 
upto 0.05% concentrations of sumicidin (20EC) were prepared. 
Various concentrations of Ralothrin (25EC) were made by 
making total volume upto 25ml. To prepare 0.01% of Ralothrin 
0.01ml of Ralothrin was added to 24.99ml of distilled water. 
Similarly rest of concentrations were prepared upto 0.05% 
concentration. 
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Concentrations of Bacterial Formulations; 
(a) IPS-78 { Pasteur Institute ,France) 
Various concentrations 0.1%, 0.2%, 0.3%, 0.4% and 0.5% 
of IPS-78 were prepared by dissolving O.lgm, 0.2gm, 0.3giti, 0.4 
gm and 0.5gm in sterilized double distilled water and raising 
volume upto 100ml. 
(b) R-153-78 ( Pasteur Institute, France) 
Various concentrations 0.1%, 0.2%, 0.3%, 0.4% and 0.5% 
of R-153-78 were prepared by dissolving O.lg, 0.2g, 0.3g, 0.4g 
and 0.5g in sterilized double distilled water and raising 
volume upto 100ml. 
(c) Concentrations of Petroleum Ether and Ethanolic Extracts 
of Different Parts- Leaves, Flowers, Seeds, Bark and 
Rhizomes of Plants; 
Seeds of plants, Vernonia antethelmintica (Kaligeeri) 
Nigeila sativa (Kalongi), Pongamia glabra (Karaja), Rhizomes of 
Acorus calamus. Leaves of Zataria multiflora (Shatar) and bark 
of Myricanagi officanalis (Kaiphal) were procured from Tibbiya 
College, A.M.U., Aligarh and brought to laboratory. These were 
dried at constant temperature (40°C) in oven and grinded to 
fine powder in mortar. 
Flowers and leaves of Lantana camera and Mentha spicata 
(Podina) were procured locally and were shade dried. Dried 
leaves and flowers were grinded to fine powder in mortar. 
21 
Powders of all plants were extracted thoroughly first in 
nonpolar solvent. Petroleum ether and then in polar solvent, 
ethanol by cold extraction technique. 50g powders of various 
plants were shaken firstly in three times (150 ml) Petroleum 
ether continuously for 20 minutes and were allowed to stay for 
24 hours. Extracts were filtered and solvent was evaporated on 
water bath at constant temperature of 45°C. Ethanolic extracts 
were similarly prepared. Different concentration 1%, 2%, 3%, 
4% and 5% of both Petroleum ether and ethanolic extracts were 
prepared by dissolving Igm, 2gm, 3gm, 4gm and 5gm of residues, 
first in 1ml of the respective solvents and raising volume upto 
100 ml by adding sterilized double distilled water. 
Method of Treatment 
The growth estimation of bacteria was made by turbidity 
method (Kurokawa et al.(1962). The sterilized tubes contain-
ing 6ml of sterilized nutrient broth were inoculated with 0.5ml 
of 2 4 hours old culture of bacteria isolated from 0. surina-
mensis, R. dominica and ^ . granarius. To the culture tubes 1ml 
of various concentrations of Sumicidin, Ralothrin, IPS-78, 
R-153, Petroleum ether and ethanolic extracts of various plants 
were added. Control test tubes were similarly prepared except 
for concentrations of different chemicals which were replaced 
by Lml of sterilized normal saline in case of Ralothrin, 
Sumicidin, IPS-78 and R-153-78 lml of petroleum ether in case 
of non-polar extract and 1 ml of ethanol in case <jfcp polar 
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extract. Both experimental and culture tubes were maintained 
at 37°C during the whole observation periods. Observations 
were made at 0 hrs, 2 hrs, 6 hrs and then subsequently at 
intervals of 12 hours, upto 108 hours of inoculation. The 
growth of bacteria was expressed in terms of percent transmi-
ttance(%T) with help of spectrophotometer (Spectronic-20) by 
using Green filter. 
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RESULTS 
1. Survey of Insect Pest Collected from different Godowns; 
In the present study, survey was conducted in different 
farm houses and mandees of Aligarh and Muzaffarnagar for the 
collection of stored grain pests. Insects were brought to Labo-
ratory and identified as follows. The dissections were 
performed to confirm the presence and absence of mycetomes and 
mycetocytes . 
l.L Oryzaephilus surinamensis (L) : 
This pest is commonly known as sawtoothed grain beetle. 
It has cosmopolitan distribution and is reported from all over 
India from almost all stored food products .(Biscuits, Maida and 
Flour). The loss caused by this pest is considerable ,although 
it's attack is usually followed by other beetles. The presence 
of this pest in the food products especially cereals make them 
unpalatable and more often unsaleable Two pairs of mycetomes 
are present in 0. surinamensis and they are round to oval in 
shape, situated in the 3rd and 4th abdominal segments. The 
mycetomes are arrested by fatty tissues and are white in colour. 
1.2 Rhizopertha dominica (F) : 
Rhizopertha dominica is commonly known as lesser grain 
borer. The origin of the distribution of R. dominica is not 
known, but in the opinion of numbers of scientists it is either 
India or Indian subcontinent. Both larvae and adult stages bore 
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the grains and heavy infestation of this pest causes complete 
damage of pulp and ultimaiely a thin shell remains. The flour 
and maida are ideal for breeding of this beetle. The mycetomes 
of R. dominica are paired, lying on either side of alimentary 
canal. They are oval in shape, white in colour and are arrested 
by trachea. 
1.3 Sitophilus granarius (L) : 
It is popularily known as grain weevil, a serious pest of 
grains all over India. Both larvae and adults attack the grain 
and feed voraciously, thereby reducing the nutritive value and 
make the grains useless for human consumption and also for seed 
purpose. With heavy infestation, grain becomes a mass of 
caracus. In S^. granarius mycetomes are lodged inside the intes-
tinal caecae and are white in colour. During metamorphosis 
mycetomes breaks-down into individual mycetocytes and enters into 
intestinal caeca of midgut. 
2. Isolation, Cultivation, Biochemical tests and Identifi-
cation of Mycet-omal Microorganisms of O. surinamensis(L), 
R. dominica (F) and S. granarius (L) : 
The microorganisms isolated from the mycetomes and 
mycetocytes were cultured in nutrient broth tubes and incubated 
at 37°C for 24 hours. Later, these organisms were transferred 
to different media for culture studies. The growth on differ-
ent media and biochemical tests presented the following charac-
ters for the identification of the microorganisms. 
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2., 1 Microorganism Isolated from Oryzaephilus surinamensis (L) 
(a) Cellular characterstics; 
Gram negative, rod shaped, 
motile and 0.6 to 0.1 tx in 
length. 
(b) Culture characteristics : 
AGAR SLANT Colonies small, circular, 
entire. Greyish and undulate. 
BROTH CULTURE Turbid 
BLOOD AGAR Colonies flat, opaque, 
spreading, very heavy-
POTATO AGAR Colonies with greyish streak 
TEEPOL CULTURE Very heavy growth. 
(c) Physiological characteristics; 
(a) Biochemical, tests 
INDOLE PRODUCTION No indole production. 
CITRATE UTILIZATION Citrate utilization variable, 
H2S PRODUCTION Microorganism was able to 
produce H S. 
LITMUS MILK TEST Negative 
REDUCTION OF NITRATE No reduction of nitrate 
(b) Fermentation Reactions: Isolated bacterium was 
able to ferment glucose, dextrose, mannitol and 
maltose. 
* _ Oryzaephilus surinamensis collected from godown of Dhanipur 
mandee (Aligarh). 
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On the basis of above characteristics and biochemical 
tests the organism was identified as Salmonella typhimurium. 
2.2 
** Microorganism Isolated from R. dominica (F) 
(a) Cellular characteristics; 
Gram positive, rod shaped 
with rounded ends, motile, 
noncapsulated, 0.6 to 1.0 p 
in length. 
(b) Culture characteristics: 
AGAR SLANT 
NUTRIENT BROTH 
BLOOD AGAR 
POTATO AGAR 
Colonies rough, opaque, dull, 
waxy, green to light brown 
in colour. 
Clear and heavy growth. 
Colonies, large, flat with 
opaque centre. 
Growth luxuriant, warty or 
wrinkled, whitish to pink. 
TEEPOL CULTURE No growth, 
(c) Physiological characterstics; 
(a) Biochemical tests ; 
INDOLE PRODUCTION No indole production. 
CITRATE UTILIZATION 
H2S PRODUCTION 
LITMUS MILK TEST 
No citrate utilization. 
No H„S production. 
Microorganism gave positive 
Litmus milk test. 
Nitrate was reduced to 
nitrite. 
REDUCTION OF NITRATE 
** R. dominica collected from godowns of Muzaffarnagar mandee 
11 
(b) Fermentation Reactions: Organism was able to 
ferment glucose, sucrose, fructose, dextrose, 
mannitol and maltose. 
On the basis of above characterstics organism isolated 
from mycetomes of R. dominica was identified as Bacillus 
subtilis. 
2.3 Microorganism Isolated from ^. granarius (L) and R. 
dominica (F) *** 
(a) Cellular characteristics; 
Gram positive, granular, 
occurring in irregular 
groups, 0.5 to 1.5 i^ m in 
diameter. 
(b) Culture- characterstics: 
AGAR SLANT Colonies circular, smooth, 
white with entire margin. 
*** 
NUTRIENT BROTH 
BLOOD AGAR 
POTATO AGAR 
TEEPOL CULTURE 
Turbidity with white sedi-
ment. 
Colonies greyish, flat, dry 
surfaced with opaque centre 
and irregular margin. 
Colonies thick, smooth, 
white and gliestening. 
Slight growth. 
Sitophulus granarius collected from godowns of Dhanipur 
mandee. 
R. dominica collected from godowns of Muzaffarnagar 
mandee. 
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(c) Physiological characteristics; 
(a) Biochemical tests : 
INDOLE PRODUCTION 
CITRATE UTILIZATION 
H2S PRODUCTION 
LITMUS MILK TEST 
REDUCTION OF NITRATE 
No indole production 
Citrate utilization 
variable. 
IS 
Organism was able to produce 
Organism gave positive 
Litmus milk test with pro-
duction of both acid and gas 
Organism reduced nitrate to 
nitrite. 
(b) Fermentation reactions Glucose, lactose, 
sucrose, fructose ,dextrose and mannitol were fermen-
ted and microorganism was not able to ferment 
maltose. 
On the basis of above characteristics and biochemical 
tests, organism isolated from intestinal caecae of S^. granarius 
and mycetomes of R. dominica was identified as Staphylococcus 
albus. 
2.4 Microorganisms Isolated from S. granarius (L) : 
{a) Cellular characteristics: 
Gram positive. Cocci in 
clusters, non motile and 
0.8 u to 1.0 fi in diameter. 
* - S^. granarius collected from godowns of Muzaffarnagar ifiandee. 
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(b) Culture characteristics 
AGAR SLANT Colonies smooth, circular, 
yellowish in colour, buty-
rous. 
NUTRIENT BROTH 
BLOOD AGAR 
Turbidity with yellowish 
ring and sediment. 
Colonies white, flat and dim 
surfaced. 
POTATO AGAR 
TEEPOL CULTURE 
Growth abundant and colonies 
orange in colour. 
No growth. 
(c) Physiological characteristics; 
(a) Biochemical _ tests-: 
INDOLE PRODUCTION 
CITRATE UTILIZATION 
H2S PRODUCTION 
LITMUS MILK TEST 
REDUCTION OF"NITRATE 
No Indole production. 
No citrate utilization. 
Organism was able to produce 
H^S. 
Organism gave negative test. 
Nitrate was reduced to 
nitrite. 
(b) Fermentation Reactions: Isolated organism was 
found to ferment glucose, lactose, sucrose and 
mannitol. 
Therefore on the basis of above characteristics and bio-
chemical tests organism isolated from intestinal caecae was 
identified as Staphylococcus aureus. 
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It is interesting to note that same species of stored 
grain pests collected from different places have been observed 
to harbour different type of microorganisms, to live in 
symbiotic relation in the host body. 
Different organisms were isolated from the above 
mentioned pests i.e. S^ . albus, isolated from §. granarius 
collected from Aligarh, while from the same insect another 
organism was isolated i.e. ^. aureus. In R. dominica collected 
from Aligarh showed the presence of B. subtilis, while from 
Muzaffarnagar region £. albus was isolated. In case of 0. 
surinamensis pest S^ . typhimurium was isolated, mycetomal 
microorganinsm. 
3. In Vitro Effects of Synthetic Pyrethroids on Growth of 
Mycetomal Microorganisms 
The results pertaining to the effects of synthetic 
pyrethroids, Ralothrin (25EC) and Sumicidin (20EC) by 
employing turbidimeteric methods are given in Figs- and 
Tables 1 & 2. 
3.1 Ralothrin (25EC);-
The observations showed that Ralothrin (25EC) was 
highly effective against Staphylococcus aureus showing 74.80%, 
76.99%, 79.35%, 82.19% and 85.52% mean percentage of 
transmittance in various concentrations i.e. 0.01%, 
0.02%,0.03%, 0.04% and 0.05% after 108 hours of observations. 
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followed by Salmonella typhimurium, Staphylococcus albus and 
Bacillus subtilis respectively (Fig. and Table-1). After 12 
hours of incubation 68.00%, 68.33%, 70.66%, 72.33% and 76.66% 
transmittance was recorded against S^. aureus in the above 
concentrations respectively. The multiplication of bacteria 
brings down percentage of transmittance to 54.33%, 54.66%, 
58.33%, 61% and 65.66% after 60 hours of observations. 
Thereafter the growth increases and became constant. 
3.2 Sumicidin (20EC) 
All the five concentrations,!0.01%, 0.02%, 0.03%, 0.04% 
and 0.05%) were found to be more effective against 
Staphylococcus albus showing 70.72%, 71.52%, 77.91%, 81.55% 
and 85.22% mean transmittance after 108 hours of observations, 
followed by Bacillus subtilis. Staphylococcus aureus and 
Salmonella typhimurium. Results in detail are shown in (Fig. 
and Table-2). After 24 hours of observation growth of bacteria 
goes-down with percentage transmittance to 68.33%, 75.00%, 
75.66%, 78.66% and 82.33% in 0.01%, 0.02%, 0.03%, 0.04% and 
0.05% concentrations of Sumicidin against £. albaa. Percentage 
transmittance were observed to lower to 58.00%, 66.33%, 
69.66%, 75.33% and 79.00% after 60 hours. It was noticed that 
growth of species increased upto 72 hours of observation, later 
equilibrium constant was attained. 
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In Vitro Effect of Bacterial Formulations on Growth of 
Mycetomal Microorganisms 
In bacterial formulations, multiplication of bacteria 
was observed to be comparatively more rapid than in the 
synthetic pyrethroids viz., Ralothrin (25EC) and Sumicidin 
(20EC) and both bacterial formulations were observed to be 
growth inhibitor of mycetomal microorganisms. The results 
pertaining to effects of bacterial formulations are shown in 
(Fig. and Tables-3 & 4) respectively. 
4.1 IPS-78:-
Bacterial formulation, IPS-78 was observed to be highly 
effective against Bacillus subtilis showing 66.69%, 69.77%, 
72.02%, 73.55% and 75.76% mean transmittance in 0. 1%, 0.2%, 
0.3 %,0.4 % and 0.5% concentrations after 108 hours of 
observations followed by Staphylococcus aureus. Salmonella 
typhimurium, and Staphylococcus alh.u s respectively as shown in 
(Fig. and Table-3). After 12 hours of obsrvations, 69.33%, 
73.33%, 78.00%, 79.33% and 80.33% transmittance was observed 
against B.subtilis in 0.1%, 0.2%, 0.3%, 0.4% and 0.5% 
concentrations. Percentage transmittance was reduced to 
63.33%, 65.00%, 67.66%, 71.33% and 70.66% after 24 hours of 
incubation. Growth of bacterium declined upto 72 hours o 
incubation and afterwards it became stationary. 
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4.2 R-153-78;-
Bacterial formulation, R-153 was observed to be most 
effective against Staphylococcus albus, showing 66.52%, 
69.49%, 72.38%, 75.19% and 77.19% mean of total 
transmittance after 109 hours of observations in 0.1%, 0.2% 
0.3%, 0.4% and 0.5% concentrations, followed by Salmonella 
typhimurium. Bacillus subtilis and Staphylococcus aureus 
respectively as shown in (Fig. and Table-4) . After 12 hours 
74.66%, 76.66%, 80.00%, 82.33% and 86.66% transmittance was 
observed against §. albus in 0.1%, 0.2%, 0.3%, 0.4% and 0.5% 
concentrations. Maximum growth of baceria was observed upto 
60 hours of obsrvations period. The growth slightly 
decreased and became stationary after 84 hours of 
incubation. 
5.0 Effect of Some Plant Extracts on Mycetomal Microorganisms;-
In the present investigation, some plant extracts, 
extracted in organic solvents were used for testing their 
growth inhibiting properties against symbionts isolated from 
mycetomes of stored grain pests. It was observed that 
extract of Acorus calamus (Buch) was most 
effective and that of Lantana camara was least effective in 
checking multiplication of bacteria. 
(a) Petroleum ether extracts : 
P e t r o l e u m e t h e r e x t r a c t s of d i f f e r e n t p a r t s of p l a n t s 
taten in t te pcesait i^^/esticptim vvere reparted ocnpaiati\^y mare effective in 
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checking multiplication of bacteria. Petroleum ether 
extracts of Rhizomes of Acorus calamus was found to be 
highly effective followed by seeds of Nigella sativa, seeds 
of Vernonia antethelmintica, leaves of Zataria multiflora, 
seeds of Pongamia glabra , bark of Myricanagi offica-
naliS/ leaves and flowers of Mentha spicata and leaves and 
flowers of Lantana camara. Results pertaining to effect of 
petroleum ether extracts are shown from (Figs. aTTci Tables-5 
to Figs. and Tables-12). 
(al) Rhizomes of Acorus calamus : 
Petroleum ether extract of powdered rhizomes of Acorus 
calamus (Buch.) was found to be most effective against 
Staphylococcus albus showing 64.55%, 66.63%, 70.05%, 72.19% 
and 73.99% mean of total transmittance in 1%,2%,3%,4%and 5% 
concentrations after observation periods of 108 hours 
followed by Staphylococcus aureus, Salmonella typhimurium 
and Bacillus subtilis respectively as shown in (Fig. and 
Table-5). After 24 hours of observations 78%, 82.33%, 
85.33%, 87% and 88% transmittance was observed against 
Staphylococcus albus in respective concentrations. The 
maximum multiplication of mycetomal microorganism was noted 
upto 48 hours of observations bringing^ down percentage 
transmittance to 45%, 46%, 51%, 55% and 58%. Afterward 
equilibrium constant was attained. 
(a2) Seeds of Nigella sativa (Kaligeeri) : 
Petroleum ether extract of powdered seeds of Nigella 
sativa was found to be highly effective against Salmonella 
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typhimurium showing, 60.80%, 63.52%, 65.11%, 66.30% and 
69.25% mean of total transmittance in 1%, 2%, 3%, 4% and 5% 
concentrations after 108 hours of observations, followed by 
Bacillus subtilis, Staphylococcus albus and Staphylococcus 
aureus respectively as shown in (Fig. and Table-6). After 
24 hours of observation percentage transmittance was 
declined to 69%, 74%, 74.66%, 77.66% and 81% in respective 
concentrations in 1%, 2%, 3%, 4% and 5% against Salmonella 
typhimurium. Maximum multiplication of bacterium was 
observed at 72 hours reducing transmittance to 37%, 41%, 
42.66%, 43.66% and 45% in respective concentrations. After-
wards the growth was noted to be stationary. 
(a3) Seeds of Vernonia antethelmintica (Kalongi) : 
Petroleum ether extract of powdered seeds of Vernonia 
antethelmintica was noted to be highly effective against 
Staphylococcus aureus showing 57.96%, 62.44%, 66.36%, 68.88% 
and 70.86% mean of total transmittance after 108 hours of 
observations in 1%, 2%, 3%, 4% and 5% concentrations, 
followed by Salmonella typhimurium, Staphylococcus albus and 
Bacillus subtilis respectively as shown in (Fig. and Table-
7). Multiplication of bacterium was noted upto 48 hours 
bringing down transmittance to 37.66%, 39.33%, 43%, 50% and 
54.66% in 1%, 2%, 3%, 4% and 5% concentrations respectively 
against £. aureus. After 60 hours slight rise in percentage 
transmittance was noted. 
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(a4) Seeds of Pongamia glabra (Karanja) : 
Petroleum ether extract of powdered seeds of Pongamia 
c^ labra was observed to be highly effective against Staphylo-
coccus albus showing 50.36%, 52.02%, 54.47%, 57.44% and 
60.69% mean of total transmittance in 1%, 2%, 3%, 4% and 5% 
concentrations after 108 hours of observations, followed by 
Salmonella typhimurium, Bacillus subtilis and Staphylococcus 
aureus as shown in (Fig. and Table-8). After 24 hours 
percentage transmittance of 42.66%, 46.66%, 48.33%, 53.66% 
and 58.33% was observed against §. albus in 1%, 2%, 3%, 4% 
and 5% concentrations respectively. Growth was observed to 
be stationary after 60 hours of observations. 
(a5) Leaves of Zataria multiflora (Shatar) : 
Petroleum ether extract of powdered leaves of Zataria 
multiflora was noted to be more effective against Staphylo-
coccus aureus showing 54.24%, 58.17%, 61.86%, 66.02% and 
69.94% mean of total transmittance after 108 hours of obser-
vations in 1%, 2%, 3%, 4% and 5% respectively followed by 
Bacillus subtilis. Salmonella typhimurium and Staphylococcus 
albus respectively as shown in (Fig. and Table-9). After 
24 hours, 43%, 48.33%, 52.66%, 57% and 62% transmittance was 
recorded against S. aureus in 1%, 2%, 3%, 4% and 5% concen-
trations respectively. After 72 hours of observations 
growth was observed to be more or less stationary. 
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{a6) BarV of Myricanagi officanalis (Kaiphal) : 
Petroleum ether extract of powdered bark of Myricanagi 
officanalis was observed to be comparatively less effective 
than A. calamus, Nigella sativa, Vernonia antethelmintica 
and Zataria multiflora showing 58.41%, 59.91%, 62.33%, 
63.99% and 68.02% mean of total percentage of transmittance 
against Salmonella typhimurium in 1%, 2%, 3%, 4% and 5% 
concentrations after 108 hours of observations followed by 
Staphylococcus aureus, Bacillus subtilis and Staphylococcus 
albus respectively as shown in (Fig. and Table-10). Maximum 
growth of bacteria was observed at 48 hours of observations 
bringing down percentage transmittance to 39.66%, 41.33%, 
48.66%, 42.33% and 52% in 1%, 2%, 3%, 4% and 5% concentra-
tions against Salmonella typhimurium. Afterwards there was 
slight rise in transmittance and growth of bacterium was 
noted to be more or less stationary. 
(a7) Leaves and Flowers of Mentha spicata (Podina) : 
Petroleum ether extract of powdered leaves and flowers 
of Mentha spicata was noted to be less effective in 
checking multiplication of bacteria, showing 50.35%, 52.05%, 
54.46%, 57.60%, 60.88% mean of total transmittance in 1%, 
2%, 3%, 4% and 5% concentrations against S. aureus after 108 
hours of observations, followed by B. subtilis. Salmonella 
typhimurium and §. albus respectively as shown in (Fig. and 
Table-11). Initially growth was loweredupto 12 hours of 
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observations. After 24 hours, transmittance of 39%, 39.66%, 
42.33%, 46% and 48.66% was observed against S. aureus in 1%, 
2%, 3%, 4% and 5% concentrations respectively.. Upto 48 
hours of observation maximum multiplication of bacteria was 
noted bringing down percentage transmittance to 34%, 34.6 6% 
36.33%, 38.66% and 42.33% in respective concentrations. 
Afterwards equilibrium constant was attained by bacterium. 
(a8) Leaves and Flowers of Lantana camara : 
Petroleum ether extract of powdered leaves and flowers 
of Lantana camara was observed to be least effective in 
growth inhibition of mycetomal microorganisms, showing 
46.66%, 48.86%, 52.02%, 55.44% and 59.16% mean of total 
transmittance against ^. albus in 1%, 2%, 3%, 4% and 5% 
concentrations after 108 hours of observations, followed by 
Salmonella typhimurium, Bacillus subtilis and S^ . aureus 
respectively as shown in (Fig. and Table-12). Upto 36 
hours, transmittance of 24.33%, 28.00%, 31%, 34.66% and 38% 
was observed in 1%, 2%, 3%, 4% and 5% concentrations against 
^. albus. There was rise in percentage transmittance bring-
ing transmittance to 34%, 36%, 40%, 46.66% and 52% in 72 
hours of observation. Afterwards stationary phase of growth 
was recorded. 
(b) Ethanolic Extracts : 
Ethanolic extracts of powdered seeds of Niqella sativa 
was observed to be most effective growth inhibitor of 
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bacteria followed by Rhizomes of Acorus calamus, Bark of 
Myricanaqi officanalis, Leaves of Zataria multiflora, seeds 
of Vernonia antethelmintica, seeds of Pongomia globra 
Leaves and flowers of Mentha gpicata and Lantana camara 
respectively. Detailed results pertaining to effect of 
Ethanolic Extracts are shown from (Figs, and Table-13 to 
Figs, and Tables-20). 
(bl) Seeds of Nigella sativa : 
Ethanolic extract of powdered seeds of Nigella sativa 
was observed to be highly effective against Staphylococcus 
aureus showing 60.57%, 63.02%, 66.58%, 69.63% and 72.71% 
mean of total transmittance in 1%, 2%, 3%, 4% and 5% concen-
trations after 108 hours of observation, followed by 
Bacillus subtilis, Staphylococcus albus and Salmonella 
typhimurium respectively as shown in (Fig. and Table-13). 
After 24 hours 59.66%, 63.33%, 69.00%, 75.66% and 78.66% 
transmittance was observed against S^ . aureus in respective 
concentrations after 108 hours of observations. At 60 hours 
of observations, maximum growth of bacteria was noted 
reducing transmittance to 48.66%, 50.66%, 54.00%, 57.00% and 
63.33% in respective concentrations against S_. aureus. The 
growth was observed more or less constant after 60 hrs. of 
observations. 
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{b2) Rhizomes of Acorus calamus (Buch) : 
Ethanolic extract of powdered rhizomes of Acorus 
calamus was observed to be highly effective against Staphy-
lococcus albus showing 56.41%, 58.85%, 61.90%, 64.74% and 
68.02% total mean of transmittance in 1%, 2%, 3%, 4% and 5% 
concentrations after 108 hours of observations, followed by 
Staphylococcus aureus. Bacillus subtilis and Salmonella 
typhimurium respectively as shown in (Fig. and Table-14). 
Upto 48 hours of observation maximum growth of bacteria was 
observed bringing down percentage transmittance to 38.33%, 
43.33%, 44%, 48% and 51% in respective concentrations 
against §. albus. After 72 hours slight rise in transmi-
ttance was noted bringing up transmittance to 42.33%, 44.66%, 
48.00%, 49.33% and 54.33%. After 84 hours, growth was 
observed to be more or less stationary. 
(b3) Bark of Myricanagi officanalis (Kaiphal) : 
Ethanolic extract of powdered Myricanagi officanalis 
was observed to be highly effective against ^. aureus 
showing 54.99%, 56.83%, 59.72%, 62.22% and 65.47% mean of 
total transmittance in 1%, 2%, 3%, 4% and 5% concentrations 
after observation periods of 108 hours, followed by §. albus 
E?acillus subtilis and Salmonella typhimurium respectively as 
shown in (Fig. and Table-15). Multiplication of bacteria 
was noted upto 60 hours reducing percentage transmittance to 
36.00%, 31.33%, 28.66% and 26.33% against S. aureus in 
respective concentrations and growth of bacteria became more 
oi: less stationary. 
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(b4) Leaves of Zataria multiflora (Shatar) : 
Ethanolic extract of powdered leaves of Zataria multi-
flora was observed to be highly effective against Salmonella 
typhimurium showing 50.02%, 52.88%, 58.30%, 62.82% and 
67.55% mean of total transmittance in 1%, 2%, 3%, 4% and 5% 
concentrations after 108 hours of observations, followed by 
B. subtilis, S^. aureus and S_. albus respectively as shown in 
(Fig. and Table-16). After 24 hours 39.00%, 41.33%, 50.00%, 
57.66% and 62.00% transmittance was recorded against S_. 
typhimurium. Afterwards, upto 72 hours of observation rise 
in percentage transmittance was observed to 57%, 52%, 49.33% 
62.33% and 66.33% in respective concentrations. 
(bS) Seeds Vernonia antethelmintica (Kalongi) : 
Ethanolic extract of seeds of Vernonia antethelmintica 
was found to be highly effective against B. subtilis showing 
53.33%, 56.08%, 58.88%, 62.44% and 65.61% mean of total 
transmittance in 1%, 2%, 3%, 4% and 5% concentrations after 
108 hours of observations, followed by S_. albus, £. aureus 
and Salmonella typhimurium respectively as shown in (Fig. 
and Table-17). Maximum growth of bacteria was noted at 48 
hours of observations bringing down percentage transmittance 
to 35.00%, 36.66%, 40.00%, 44.00% and 46.00% against B. 
s_^ btilis in respective concentrations and afterwards 
constant growth of bacteria was recorded. 
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{b6) Seeds of Pongsmiia glabra (Karanja) : 
Ethanolic extract of powdered seeds of Pongamia glabra 
was observed to be highly effective against B. subtilis 
showing 49.47%, 52.03%, 54.36%, 57.41% and 62.08% mean of 
total transmittance in 1%, 2%, 3%, 4% and 5% concentrations 
after 108 hours of observations followed by §. albus, S_. 
aureus and Salmonella typhimurium respectively as shown in 
(Fig. and Table-18). Against B. subtilis, 24.66%, 30.00%, 
32.00%, 36.33% and 39.66% transmittance was recorded upto 48 
hours in respective concentrations and rise in transmittance 
was noted in the present observation. 
(b7) Leaves and Flowers of Mentha spicata (Podina) : 
Ethanolic extract of powdered leaves and flowers of 
Mentha spicata was found to be comparatively less effective 
than Nigella sativa, Acorus calamus, Myricanagi officanalis, 
Zataria multiflora, Vernonia antethelmintica and Pongamia 
glabra showing highest percentage transmittance of 47.44%, 
49.44%, 51.83%, 54.66% and 57.38% against S. albus in 1%, 
2%, 3%, 4% and 5% concentrations after 108 hours of observa-
tions, followed by B. subtilis. Salmonella typhimurium and 
S. aureus respectively as shown in (Fig. and Table-19). 
After 36 hours of observations, 30.33%, 32%, 34.00%, 37.00% 
and 39.66% transmittance was observed against S. albus in 
respective concentrations. Upto 96 hours of observations 
slight rise in percentage transmittance was noted. 
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(b8) Leaves and Flowers of Lantana camara : 
Ethanolic extract of powdered flowers and leaves of 
Lantana camara was found to be least effective showing 
45.24%, 47.96%, 50.30%, 53.14% and 57.24% mean of total 
percentage of transmittance in 1%, 2%, 3%, 4% and 5% concen-
trations against Salmonella typhimurium after 108 hours of 
observations followed by S_. aureus, B. subtilis and S_. 
albus respectively as shown in (Fig. and Table-20). Maximum 
multiplication of bacteria was observed at 48 hours of 
observations bringing down transmittance to 25.66%, 27.66%, 
29.00%, 32.00% and 36.00% in respective concentrations 
against Salmonella typhimurium. Upto 84 hours of observa-
tion slight rise in the transmittance was recorded raising 
transmittance to 33.66%, 36.33%, 41.00%, 43.33% and 51.00%' 
respectively. 
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DISCUSSION 
Insects are traditionally controlled by chemicals and 
in due course of time they become resistant to various 
chemicals. Increased use of different types of pesticides 
has led to the possibility of serious environmental contami-
nation. Insects are much more closely related to man and 
other animals than either plants, fungi or bacteria and 
consequently it is perhaps not surprising that the greatest 
threat to the environment has come from large scale applica-
tion of pesticides for pest control. Future research on 
agricultural pesticides will be increasingly directed towards 
the discovery of chemicals which combine low mammalian 
toxicity with specific activity against the pest so that they 
do not interfere with natural predators. 
The rapid advancement in microbial control of insects 
in various parts of world has provided ample scope for utili-
zation of microorganisms both symbiotic and pathogenic for 
managing the pest population. The microbial control conti-
nued to depend on two methods of utilization of microorga-
nisms for suppression of pest population. One method 
involves the introduction of entomogenous bacteria, our 
continuous fight against pollution and toxicity to non target 
organisms of the ecosystem by the large scale use of pesti-
cides, has led to the development of a safer microbial 
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control agent, Bacillus thurinqiensis. It produces several 
toxic substances which has been observed to show insecticidal 
properties against wide varieties of insect pests. B. 
thurinqiensis has no direct effect on the nontarget species 
for instance no adverse effects have been reported on honey 
bees as well as it is also reported to be non toxic to man 
and vertebrates (Steinhaus, 1951, Fisher 8e Rosner 1962). 
Second method of microbial control includes use cf symbiotic 
microorganisms by upsetting their balance existing between 
the symbionts and bearing hosts (Brues and Dunn, 1945 and 
Khan, 1974, 1977, 19 78). Both methods are equally effective, 
comparatively inexpensive and have edge over chemical 
control. 
The aim of present investigation was to study the 
anatomy and morphology of the mycetomes and mycetocytes, to 
isolate, cultivate and identify as accurately as possible the 
mycetomal microorganisms associated with Oryzaephilus surina-
mensis (L.), Rhizopertha dominica (F) and Sitophilus 
granarius(L). 
In 0. surinamensis (L.), four mycetomes are present, 
they are oval shaped and lying on both sides of alimentary 
canal, near the gut. Similar findings were reported by Pant 
el: a]^. (1957). The mycetomes of R. dominica (F) are in the 
form of two spheres, one^  on each side of alimentary tract 
near the anterior end of proctodaeum and they are white in 
colour. These obseirvation are similar to findings reported 
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by Mansour (1934), Buchner (1965) and Hasan (1983). The 
mycetocytes of Sitophilus granarius are present in the 
intestinal caeca of midgut in the adults. Mycetocytes are 
white in colour. These findings are therefore, in accordance 
with the findings of Musgrave (1964) and Buchner (1965). 
The culture of intracellular microorganisms associated 
with the mycetomes and mycetocytes had posed some problem in 
the past. However, in recent years, these microorganisms 
have been cultured successfully and identified on the basis 
of anatomical, morphological and biochemical characteristics. 
The mycetomal microorganisms associated with 0. surinamensis, 
R. dominica and S_. granarius were raised on different media 
viz. Nutrient agar. Nutrient broth. Blood agar, Potato agar 
and Teepol and identified as Salmonella typhimurium, Bacillus 
subtilis, Staphylococcus albus and Staphylococcus aureus 
respectively. Bacillus subtilis. Staphylococcus albus and 
Staphylococcus aureus are gram positive isolated from R. 
dominica and S^. granarius and Salmonella typhimurium is gram 
negative isolated from 0. surinamensis (L. The mycetomal 
microorganisms were able to reduce nitrate, unable to produce 
indole and H2S production was noted in Staphylococcus albus. 
Staphylococcus aureus and Salmonella typhimurium. Similar 
observations have been made by Steinhaus (1941) and Hasan 
(1983). It is interesting to note that two microorganisms 
were isolated from the one species of insect collected from 
different places. 
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Elimination of mycetomal microorganisms have also been 
used to free the animal of their symbionts. These symbionts 
are very sensitive to some phsyical factors like temperature 
and slight rise in the temperature causes deathof symbionts. 
According to Huger (1957) lowering of temperature can cause 
harmful effects on symbionts. Mycetomal symbionts of 
different insects mostly show varying sensitivities to 
different drugs. It is suggested that elimination of 
mycetomal symbionts is a probale way of biological control 
(Brues and Dunn, 1945, Singh 1971, Khan, 1976 and Hasan and 
Khan, 1984, 1985). 
In the past little work has been carried out on the 
bacterial growth inhibition by the action of insecticides. 
Therefore, keeping in view of all above information the 
synthetic pyrethroids viz., Sumicidin {20EC) and Ralothrin 
(25EC) were chosen in the present investigation. The effect 
of synthetic pyrethroids on the growth of symbionts showed 
that Ralothrin (25EC) was comparatively more effective than 
Sumicidin (20EC) in checking multiplication of mycetomal 
microorganism _in vitro. Highest percentage of transmittance 
was observed in 0.05% concentrations of both synthetic 
pyrethroids viz., Ralothrin {25EC) and Sumicidin (20EC) 
against Staphylococcus aureus and Staphylococcus albus 
showing 85.52% and 85.22% mean transmittance respectively. 
As far as mode of action of pesticides is concerned, it is 
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presumed that these inhibit the growth of mycetomal micro-
organisms most probably by destroying enzymes and damaging 
cell organelles resulting into death of microorganisms. 
Harshbarger and Forgash (1964a,b) and Hasan (1985) had 
also shown that Periplaneta americana and Rhizopertha 
dominica when fed on treated food materials with Lindane in 
the former and DDT, HCH, Lead arsenate and Sodium fluoride 
in the latter respectively, led to growth inhibiting action 
against symbionts. 
The commercial formulations of Bacillus thuringiensis 
viz., IPS-78 and R-153-78 chosen for the present study showed 
slow but promising properties as potential growth inhibitor 
of mycetomal microorganisms viz., Salmonella typhimurixim. 
Bacillus subtilis. Staphylococcus aureus and Staphylococcus 
albus isolated from 0. surinamensis (L.), R. dominica (F) and 
S_. granarius respectively _in vitro (Fig.3&4). At the concen-
tration of 0.5% highest percentage of transmittance of 77.19% 
and 75.96% was observed in R-153-78 and IPS-78 against 
Staphylococcus albus and Bacillus subtilis respectively. 
Their growth inhibiting property may be due to release of 
bacillogenic antibiotics as earlier reported by Kreig (1961). 
Vankova, 1957 had also observed that antibiotics released by 
B. thuringiensis var. exhibit activity against some other 
bacteria. 
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Botanical pesticides are nowadays frequently used, as 
these are eco-friendly and do not have serious impact on any 
sphere of the environment. Therefore, keeping in view some 
medicinally important plants viz., Acorus calamus, Nigella 
sativa, Zataria multiflora, Myricanagi officianalis, Vernonia 
antethelminica and some others which have been reported for 
pesticidal properties such as Pongamia glabra, Mentha spicata 
and Lantana camara were chosen for the present study in order 
to test their growth inhibiting actions against mycetomal 
microorganisms _in vitro. 
In the present study petroleum ether extract of 
powdered rhizomes of A. calamus was observed to be most 
effective in checking multiplication of mycetomal micro-
organism Staphylococcus albus followed by Nigella sativa, 
Vernonia antethelminitica, Zataria multiflora, Myricanagi 
officanalis, Mentha spicata, Pongamia glabra and Lantana 
camara showing most of effectiveness against Salmonella 
typhimurium. Staphylococcus aureus. Staphylococcus aureus, 
Salmonella typhimurium. Staphylococcus albus. Staphylococcus 
aureus and Staphylococcus albus respectively. The highest 
percentage of transmittance of 73.99%, 71.88%, 70.86%, 
69.94%, 68.02%, 60.88%, 60.69% and 59.16% was observed in 5% 
concentrations of petroleum ether extracts of different parts 
of plants (Fig. 5-12). 
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The ethanolic extracts were found to be comparatively 
less effective than petroleum ether extracts as growth 
inhibitor of mycetomal microorganisms iri vitro. Ethanolic 
extract of powdered seeds of Nigella sativa had been observed 
to be most effective growth inhibitor of mycetomal micro-
organism. Staphylococcus aureus followed by A. calamus, V. 
antethelmintica, M. officanalis, Z^. multiflora, P_. glabra, M. 
spicata and L. camara respectively showing most effectiveness 
against Staphylococcus albus. Bacillus subtilis. Staphyloco-
ccus aureus, and Salmonella typhimurium respectively. The 
highest percentage of transmittance of 72.71%, 68.02%, 
65.61%, 65.47%, 63.05%, 62.08%, 57.38% and 57.24% was 
observed in 5% concentrations of ethanolic extracts of 
different parts of plants used respectively (Fig. 13-20). 
Paul et a]^.(1965), Chander and Ahmed (1982), Bandara 
et aj,. (1990), Su(1991) and Tiwari (1993) had reported 
insecticidal and grain protectant properties of rhizomes of 
Acorus calamus against wide spectrum of agriculturally 
economic important pests. 
Atri and Singh (1977) reported biological activity of 
the oil of Lantana camara against some insect pests in vivo. 
Pandey et al^ .(1987) observed that plant extract of L. camara 
at 1.0 and 1.5% concentrations was effective in causing 
66.66% mortality of aphids. 
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Lolage and Patil (1991) also observed the bioefficacy 
of Karanja oil as protectant of pigeon pea against Calloso-
bruchus maculatus. In 1992, Saxena et a^ .- found that aerial . 
parts of Lantana camara possessed insecticidal, antiovi-
positional and antifeedant activities against Callosobruchus 
chinensis. Singh and Upadhyay (1993) observed that plant 
extracts of Mentha piperata, Acorus calamus and Pongamia 
glabra exhibit grain protectant activity. 
Due to lack of literature on the existing relationship 
of microbes with insects, knowledge regarding role of 
mycetomal microorganisms is far from complete. In order to 
control variety of pests it needs full exploitation of 
mycetomal microorganisms and it will provide us more clues 
leading to the control of many noxious and economically 
important pests, particularly with safety of stored food 
products as well as environment. It is clear from the 
foregoing account that these chemicals and biopesticides used 
in the present investigation have been observed to possess 
promising properties iji vitro. However, these may be used 
successfully _iri vivo, to disturb the symbiotic relationship 
between the microorganisms and host pests and to bring about 
suitable method of integrated pest control. 
Sample specifications for all Figures 
Sanple - 1 = Sitophilus granarius (L) (Alig.) 
SaiTiple - 2 = Rhizopertha dcminica (F) (Alig.) 
Sanple - 3 = Sitophilus granarius (L) (M. Nagar) 
Sanple - 4 = Rhizopertha doninica (F) (M. Nagar) 
Sample - 5 = Oryzaephilus surinamensis (L) (Alig.) 
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TABLE Ci)- MICROORGANISMS ISOLATED FROM SOME STORED GRAIN PESTS 
Name of Insect Place of 
collection 
Isolated 
Microorganism 
Sitophilus granarius(L.) Aligarh-Dhanipur Staphylococous albus 
mandee and farm 
houses of city 
Sitophilus granarius (L) 
Rhizopertha dominica (F) 
Rhizopertha dominica (F) 
Oryzaephilus 
surinamensis (L) 
Muzaffarnagar-
mandee 
Aligarh-Dhanipur 
mandee and farm 
houses of city 
Muzaffarnagar-
mandee 
Aligarh-Dhanipur 
mandee and farm 
houses of city. 
Staphylococcus aureus 
Bacillus subtilis 
Staphylococcus albus 
Salmonella typhimurium 
73 
T^LBLE 6'0-PRESENCE OR ABSENCE OF MYCETOMES AND MYCETOCYTES IN 
STORED GRAIN PESTS. 
NAME OF INSECT PLACE OF COLLECTION PRESENT OR 
ABSENT 
Sitophilus granarius (L.) 
Sitophilus granarius (L) 
Rhizopertha dominica (F) 
Aligarh-Dhanipur mandee 
and farm houses of city. 
Muzaffarnagar- mandee 
Aligarh-Dhanipur mandee 
and farm houses of city. 
Rhizopertha dominica (F) Muzaffarnagar- mandee 
Oryzaephilus 
surinamensis (L) 
Tribolium castaneum (L) 
Callosobruchus 
chinensis (L) 
Aligarh-Dhanipur mandee 
and farm houses of city. 
Aligarh-Dhanipur mandee 
and farm houses of city. 
Aligarh-Dhanipur mandee 
and farm houses of city. 
( + ) 
( + ) 
( + ) 
( + ) 
{ + ) 
(-) 
(-) 
(+) = Present 
{-) = Absent 
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TABLE - 1 
:N VITRD EFFECT QF DIFFERENT COfCEwTPATIOMS OF RALQTHRIN ',25EC; m GROWTH OF cACTEPIA ISOLATED FPOM SOME 
STORED SRAIN PESTS.* 
CQfC. SWPLE mf£ OF QR&WISfl TOTAL GROWTH* «EAN** 
•-; TRAfetlTTfiNCE 
S.D. 3.E. R = MEAN + S.E. f i.% 
SIGNIFICANCE VALOE FOR 
95'A CO>FII€!CE lliHT 
CMIX 
0.027. 
0.03^ 
Stapnyloccecuj aibuj 
Sacn'iuj iubtiluj 
StapnyJocuccu: au.^ eus 
Stapnyiococcu; albuj 
Jaiaosella t'j^himnut 
Itipn-jlocor.ois iloas 
Stiph;/lor.OCC{lS a ibuj 
Saiioneiia typh;»urzut 
3tap/)yiucoo:uj albus 
Baciiiuj jubtiiuj 
Stiphylccorrus sureas 
Staph^fiococciis albids 
Saltoneili typhitunat 
BZ5. 
794, 
897, 
3:: 
356, 
649 
824, 
923, 
S49 
380 
382, 
857 
952, 
882 
915 
,C1 
,6i 
,a5 
,t.i 
.96 
.si 
.95 
.96 
.el 
.95 
.31 
.27 
.30 
.31 
.29 
GCOa 
QC.21 
74.30' 
71.58 
7'.). So 
i8.74 
76.99 
70.3''; 
73.41 
73.52 
71.44 
79.35 
73.52 
76.27 
10.4() 
11.45 
3.72 
10.40 
10.31 
7.Q2 
^.i3 
3.79 
6.39 
9.35 
7.22 
3.89 
t j . u O 
*3.31 
t2.52 
t3.00 
t2.ci6 
t2.78 
+2.96 
t . : .3H 
t / . j , ' 
+2,70 
+2.0'8 
t2.57 
&2.75 - "4.51 
59.72 - 72.09 
69,36 - "9,74 
62,75 - 74,51 
u t . i . 76,33 
65,35 - 76 .o 
&2.39 - "4.58 
72.52 - 31.46 
i5,35 - 7o.25 
68.43 - 76.38 
&8.4e - 73.55 
G6 ,15 - 7o.73 
"5.27 - a3.43 
65.48 - 78.55 
71.84 - 30,69 
1 Stiphylococcus aioas 914.31 76.19 8.04 +2.33 71.C2 - 8-i).69 
2 EarAlluj subtilus 386.29 73.35 3.56 +2.47 t9.00 - 7S.69 
.04;^ 3 Stap/iyiococcuj aunui 986.30 82.19 5.99 +1.73 78.79 - 85.58 
4 Staphfiococcus aibus 914.31 76.19 3.04 +2.33 71.62 - 8<;.69 
5 Salioneila typhituriui 947.95 76.99 7.i"il +2.03 75.01 - 82.^ 7^ 
1 Siiphylococcus albus 
2 Saciilas subtilu; 
0 .05A 3 itaph)lococrus aureus 
4 Ctaphylococcui aibus 
5 ialtonella typhiiunui 
951.61 
918.28 
1026.29 
951.61 
982.61 
79.30 
76.52 
35.52 
79.30 
31.38 
7.03 
7.71 
5.06 
7.03 
o. 20 
+2.u2 
+2.23 
+1.46 
+2.02 
+ 1.79 
72.15 - 30.89 
32.60 - 38.38 
75.32 - 33.27 
"6.37 - 55.38 
1 itapbylococcu; aibus 434.31 36.19 20.63 
2 Bar.iiijs subiiiu: 4i)l,30 33.44 16.45 
CONTROL 3 otaphylo-.occas aureus 394.97 32.91 16.)9 
4 itaphyiococcus aisus 434.31 36.19 20.c3 
5 ^aiioiieiia typhisunut 452.o4 37,72 13.74 
+5.96 
+5.33 
+5.23 
+5.96 
+5.42 
24.51 - 47.37 
22.99 - 43.38 
22.66 - 43.16 
24.5i - 47.37 
27.09 - 4S.34 
Safflple-1 = iitophiius grariarius ' L i i A l i g . ) 
Saii^ie-2 - Wiizopertha dotiTiica iF .J iAlig . ) 
3dfflple-3 - Situphiius granarius iL.;(H.Nagar.) 
Saiiiple-4 - Phuopertha !iotiT!ica{f.)'}^Mqir.) 
SajDpi8-5 = Oryraep'nilus suri?.3»ensu{l.;[f'.li 
* Growth lias e,<pressea in xerms of " t r a n s s u t a n c e . 
*+ Each datum is a mean OT three reaoings. 
i Observation periods 0-108 nijijrs at an interval OT 11 
ho'jrs except for f i r s t two readinys where i t was i 
and 0 nours respect ively. 
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TABLE - 2 
IN VITRD EFFECT OF DIFFERENT CONCeJTRATIWS OF SUMICIDIN f2()EC) Oh SaOWTH U BACTERIA ISOLATED FROM SSM 
STORED 6RAIN PESTS.* 
CONC. SAMPLE NA)€ OF ORGANISR TOTAL 8R0WTH* f£AN** 
I TRANSMITTANCE 
S.D. S.E. R = HEAN + S.E. x 1.% 
SIGNIFICANCE VAL1£ FOR 
VbV. LUNMUtM.t Linil 
! itifh)lQC0C'HiS albus 848.M 
2 Eicillui subtilus 7B3.64 
O.OIX 3 Stap/i>iOCoccus iurius 770.95 
4 Staphfiocorxui albiis 848.t>4 
5 'laltonells tyfhitunui 750.63 
,'0.72 
Q.5.30 
64.24 
70.72 
fi2.55 
10.41 
11.78 
11.32 
10,41 
11.8* 
+3.0C' 
+3.41 
+3.00 
+3.42 
a4.B4 - 76.60 
58.61 - 71.98 
57.83 - 70.65 
64.84 - 76.6-0 
55.85 - 69.25 
1 Jtap/iyiocoLLds aious 858.31 
2 Eir.illu^ jubtilus 324.29 
0.02*X 3 Ctsphylocorxus aureus 307.96 
4 Stap/iyiococcus aiou5 358.31 
5 Saiionella iyphiiurjui 797.28 
71.52 
t8.69 
6 / , uw 
71.52 
66.44 
9.87 
10.61 
10.24 
9.87 
10.19 
+2.85 
t3.07 
+2.96 
+2.85 
+2.94 
65.93 - 77.11 
62.67 - 74.71 
61.53 - 73.13 
65.93 - 77.11 
60.67 - 72.20 
0.03s; 
Stapfiyiococcus aibus 934.97 77.91 
Bacillus sabidus 844.96 70.41 
Staphylococcus aureus 847.31 70,GO 
Staphylococcus albas 934.97 77.91 
Saltoriella typhitunut 848.95 70.74 
6.89 
9.70 
3.31 
6.39 
8.29 
+1.99 
+2.80 
+2.55 
+1.99 
+2.39 
74.00 - 31.81 
64.92 - 75.89 
65,60 - 75.59 
74.0*0 - 81.81 
ti6.05 - 75.42 
0.04X 
Staphylococcus albus 978.63 81.55 5.94 +1.71 78,19 - 84,90 
Bacillus subtilus 891.31 74,27 8.25 +2.38 69,60 - 73.93 
Staphylococcus aureus 878.95 73.24 3.19 +2.36 68.61 - 77.86 
Staphylococcus albus 978.63 81.55 5.94 +1.71 78.19 - 84.90 
Saltonelia typhituriui 875.63 70.96 7.94 +2.29 68.47 - 77.45 
1 Staphylococcus albus 1022.63 85.22 5.35 +1.54 82.20 - K.24 
2 Bacillus suDtilus 944.29 78.69 6.83 t l . 97 74.83 - 82.55 
0.05X 3 Staphylococcus aureus 916.96 76.41 7.42 +2.14 72.21 - 80.60 
4 Staphylococcus albus 1022.63 85.22 5.35 +1.54 8 2 . 2 0 - 8 8 . 2 4 
5 Saltonella typhitunut 937.97 78.16 6.75 +1.95 74.34 - 81.98 
1 Staphylococcus albus 434.31 36.19 20.63 
2 Bacillus subtilus 401.30 33.44 18.45 
CONTROL 3 Staphylococcus aureus 394.97 32.91 18.09 
4 Staphylococcus albus 434.31 36.19 30.63 
5 SaliOMlla typ.hiiunui 452.64 37.72 18.74 
+5.96 
+5,33 
+5,23 
+5.96 
t5.42 
24.51 - 47.87 
22.99 - 43.88 
Z2.66 - 43.16 
24.51 - 47.37 
27.09 - 48.3i 
Saotple-l - Sitophilus granarius (L . i lAhg. ) 
S3fflple-2 = dhijopertha dotmca (F.^iAlig.) 
Saftple-3 - Sitophilus granarius lA./ifl.Nagar') 
Saapie-4 = Rhiiopertha dotijtica iF.KK.Nagar) 
SaiBple-5 = Oryzaephilus suruiatensisiD'Ahq. 
* Srodith was expressed in teras of % t r anss i t t ance . 
+* Each datum is a mean of three readmos. 
t Observation periods 0-108 hours at an interval of 12 
hours eitcept for f i r s t two readinc|5 where i t was 2 
and 5 nours respectively. 
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TABLE - 3 
IN VITRO EFFECT OF DIFERENT OMINTRATIQNS OF BACTERIAL FORmLATIW IPS-7B ON GRCWTH OF BACTERIA ISOLATED 
nm SOIC STORED 6RAIN PESTS. 
coNC. SAMPLE m£ (F mmisn TOTAL GROfcfTH* mHi** 
l TRWeHHANCE 
S.D. S.E. R = f€A« + S.E. x 1.96 
SISfUFICAtCE VALUE FOR 
95'i cmimm LIMIT 
O.IX 
on 
0.3X 
0.4X 
0.5X 
CONTROL 
1 
2 
T 
J 
4 
5 
1 
2 
3 
4 
5 
1 
-r 
4 
5 
1 
2 
T 
4 
5 
1 
2 
3 
4 
5 
1 
n 
7 
4 
5 
Stuphylococcas albas 
Bicillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Sahoiiella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salionella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureuj 
Staphylococcus albus 
Saltottella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
688.00 
800,29 
764.97 
688.00 
730.96 
713.64 
837.29 
795.97 
713.64 
754.95 
752.96 
864.28 
821.94 
752.96 
782.97 
786.61 
882.62 
848.97 
786.61 
815.95 
813.96 
919.61 
877.96 
813.96 
847.30 
414.64 
436.32 
410.31 
414.64 
425.31 
57.35 
66.69 
63.75 
57.35 
60.91 
59.57 
69,77 
bbtu^j 
59.57 
62.91 
62.74 
72.02 
68.49 
62.74 
65.24 
65.55 
73.55 
70.74 
65.55 
67.91 
67.83 
75.96 
73.16 
67.83 
70.60 
34.55 
36.36 
34.19 
34.55 
35.44 
13.15 
11.10 
11.58 
13.15 
12.59 
12.68 
10.33 
11.20 
12.68 
11.76 
11.63 
10.18 
10.77 
11.63 
11.14 
11.12 
9.69 
10.31 
11.12 
10.54 
10.23 
9.06 
9.45 
10.23 
9.62 
18.46 
16.48 
18.63 
18.46 
15.61 
+3.80 
+3.20 
+3.34 
+3.80 
+3.65 
+3.66 
t2.98 
+3.23 
+3.66 
+3.40 
+3.36 
+2.94 
+3.11 
+3.36 
t3.22 
+3.21 
+2.80 
+2.98 
+3.21 
+3.04 
+2.96 
+2.62 
+2.73 
+2.96 
+2.78 
+5.33 
+4.76 
t5.38 
+5.33 
t4.51 
49.90 • 
60,42 • 
57,20 • 
49.90 • 
53.83 • 
52.29 • 
63.93 • 
59.99 • 
52.29 • 
56.25 • 
56,15 
66,26 
62.39 
56.15 
58.93 
59.26 
68.06 
64.89 
59,26 
62.03 
62.02 
70.82 
67.81 
62.02 
65.15 
24.10 
27.03 
23.64 
24.10 
26,60 
- 64.79 
- 72.96 
- 70.29 
- 64.79 
- 67.98 
- 66.64 
- 75.61 
- 72.66 
- 66.64 
- 69.57 
- 69.32 
- 77.78 
- 74.58 
- 69.32 
- 71.55 
- 71.84 
- 79.04 
- 76.58 
- 71.84 
- 73.95 
- 73.63 
- 81.09 
- 78.51 
- 73.63 
- 76.05 
- 44.99 
- 45.68 
-44,73 
- 44,99 
- 44,28 
Saaple-l - Sitophilus gra^arius (L.ltAlig.) 
Sa«pIe-2 = Rhiiopertha doimica (F,)(Ahg.) 
Saaple-3 = Sitophilus granarias (L.XM.Nagar.) 
Saaple-4 - Rhizopertha dotiDica (F.XM.Nagar.) 
Sasple-S = Sryzaephilus suruiaieitsis\\..)yf<hq.) 
• Growth was expressed in teras af 5! transaittance. 
H Each datum is a mean of three readings. 
t Observation periods 0-108 hours at an interval of 12 
hours except for first two readings where it was 2 
and 6 hours respectively. 
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TABLE- 4 
IN VITRO EFFECT ^ DIFFERENT CtMIENTRATIO^ OF BACTERIAL FORWLATION R-153-78 0« BROWTri OF BffiTEPIA ISOLATED 
PRO« SOf€ STORED GRAIN PESTS.* 
co«:. 
o.ix 
0.24 
0.3X 
0.4X 
0.5X 
CONTROL 
SAMPLE 
1 
2 
3 
4 
5 
1 
2 
J 
4 
5 
I 
3 
4 
5 
1 
2 
•7 
0 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
NAME OF ORBANISli 
Staphylococcus aibus 
Bscillas subiilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhitunui 
Staphylococcus alous 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus alous 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
BaciHuj subtilus 
Stap/iyiococcus aureus 
Staphylococcus albus 
SaJioneJJa typhiiunui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhiiunui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhiiuriui 
TOTAL BROttTH* 
% TRA^^ITTANCE 
798.28 
712.62 
679.29 
798.28 
754.63 
S33.97 
735.61 
706.28 
833.97 
783.28 
868.62 
778.62 
741.94 
868.62 
323.98 
902.29 
812.28 
766.52 
902.29 
846.96 
926.30 
840.96 
803.95 
926.30 
870.29 
414.64 
436.32 
410.31 
414.64 
425.31 
I € A N " 
66.52 
59.38 
56.60 
66.52 
a2.88 
69.49 
(31.30 
58.85 
69.49 
65,27 
72.38 
64.88 
61.83 
72.38 
68.66 
75.19 
67.69 
63.87 
75.19 
70.58 
77.19 
70.08 
66.99 
77.19 
72.52 
34.55 
36.36 
34.19 
34.55 
35.44 
S.D. 
12.79 
14.72 
14.99 
12.79 
13.80 
11.Q2 
14.09 
14.63 
11.62 
13.22 
10.64 
13.06 
13.87 
10.64 
11.89 
10.07 
12.22 
13.39 
10.07 
11.27 
9.52 
11.56 
12.94 
9.52 
10.81 
18.46 
16.48 
18.a3 
18.46 
15.61 
S.E. 
+3.69 
+4.25 
+4.33 
+3.69 
+3.98 
+3.35 
+4.07 
+4.23 
+3.35 
+3.82 
t3.07 
+3.77 
+4.00 
t3.07 
+3.43 
+2.91 
+3.53 
+3.86 
+2.91 
+3.25 
+2.75 
+3.34 
+3.74 
+2.75 
+3.12 
+5.33 
+4.76 
t5.38 
+5.33 
+4.51 
R = MEAN + S.E. X 1 
SIGNIFICAfCE VALl£ 
95X CQNFIKfCE LIMIT 
59.28 - 73.75 
51.05 - 67.71 
48.11 - 65.08 
59.28 - 73.75 
55.08 - 70.68 
b2.92 - 76.05 
53.32 - 69.27 
50.56 - 67.14 
62.92 - 76.05 
57.78 - 72.75 
66.36 - 78.39 
57.49 - 72.27 
53.99 - 69.67 
66.36 - 78.39 
61.94 - 75.38 
69.48 - 80.89 
60.77 - 74.61 
56.30 - 71.43 
69.48 - 80.89 
64.21 - 76.95 
71.80 - 82.58 
63.53 - 76.63 
59.66 - 74.32 
71.80 - 82.58 
66.40 - 78.63 
24.10 - 44.99 
27.03 - 45.68 
23.64 - 44.73 
24.10 - 44.99 
26.60 - 44.28 
1.96 
FOR 
Saaple-l - Sitophilus granarius (L.)(A1IQ.) 
Saiple-2 = Rhiiopertha doiitiica (F.XAIiQ.) 
Sajiple-3 = Sitophilus granarius (L.KM.Nagar.) 
Sa«ipl8-4 = Rhizopertha doiinica (F.KH.Nagar.) 
Saaple-S = Qryzaephilus surinatensistL.iiAhg.! 
• GroNth was expressed in tersis of '/. transmttance. 
•* Each datuffl is a mean of three readings. 
# Observation periods 0-108 hours at an interval of 12 
hours except for first two readings where it was 2 
and 6 hours respectively. 
^r AecNo, 
1^ 
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TABLE - 5 
IN VITRO EFFECT (J DIFFERKT CiMINTRATIQNS OF ACORUS CALAIS (RCH) CPETRQipi ETfCR EXTRACT] &l 6RWTK OF 
BACTERIA ISOLATED FRO« SOME STORED M I N PESTS. 
CONG. SW^-LE NAfC OF 0R6ANISM TOTAL SICMTH 
% TRANSMITTWCE 
!CAN #* S.D. S.E. R = f€AN + S.E. x 1.96 
SIGNIFICANCE VALUE FOR 
%;< COtf IDENCE LIMIT 
I 
2 
IX 3 
4 
5 
1 
2 
27, 3 
4 
5 
1 
2 
-T(* -r 
A 
5 
1 
2 
4« 3 
4 
5 
1 
2 
5X 3 
4 
5 
1 
2 
CONTROL 3 
4 
5 
Staphyiococcus aibus 
Bicillus subtilus 
Staphyiococcuj sursuj 
StaphyJococcus albus 
Saiionelia typhiiuriui 
StaphyJococcuj albuj 
Bacillus subtiiuj 
Staphylococcus aureus 
Staphylococcus alhus 
Saltojiella typhiiuriui 
Staphylococcus alhus 
Bacillus juhtilus 
Staphylococcus aureus 
Staphylococcus albus 
SaiioneJ/a typhi»uriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salaoitella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltosella typhitunui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Siltonella typhituriut 
774.65 
687.64 
716.64 
774.65 
670.63 
799.63 
718.63 
750.63 
799.63 
702.29 
840.63 
747.30 
785.32 
840.63 
728.63 
866.31 
776.30 
816.63 
866.31 
757.28 
887.97 
805.95 
846.63 
887.97 
789.96 
480.97 
535.30 
500.64 
480.97 
540.32 
64.55 
57.30 
59.72 
64.55 
55.88 
66.63 
59.88 
62.55 
66.63 
58.52 
70.05 
62.27 
65.44 
70.05 
60.71 
72.19 
64.69 
68.05 
72.19 
63.10 
73.99 
67.16 
70.55 
73.99 
65.83 
40.08 
44.61 
41.75 
40.1J8 
45.03 
16.83 
16.19 
16.79 
16.83 
15.80 
16.49 
16.22 
16.77 
16.49 
15.90 
15.62 
15.99 
15.91 
15.62 
15.40 
14.36 
15.56 
15.41 
14.36 
16.08 
13.59 
15.08 
14.48 
13.59 
14.56 
17.90 
22.04 
18.45 
17.90 
18.62 
1-4.86 
+4.67 
+4.85 
+4.86 
+4.56 
+4.76 
+4.68 
+4.84 
+4.76 
+4.59 
+4.51 
+4.62 
+4.59 
+4.51 
+4.45 
+4.15 
+4.49 
+4.45 
+4.15 
+4.64 
+3.93 
+4.36 
+4,18 
+3.93 
^4.21 
+5.17 
+6.37 
+5.33 
+5.17 
+5.38 
55.02 -
48.15 -
50.21 -
55.02 -
46.94 -
57.30 -
50.70 -
53.06 -
57.30 -
49.52 -
61.21 • 
53.21 -
56.44 • 
61.21 • 
51.98 • 
64.05 • 
55.88 -
59.33-
64.05 • 
54.00 -
66.28 -
58.61 • 
62.36 -
66.28 -
57.57 -
29.95 -
32.12 • 
31.30 -
29.95 • 
34.48 -
• 74.07 
- 66.45 
- 69.23 
 74.07 
 64.32 
 75.96 
 69.05 
 72.C4 
 75.96 
 67.52 
- 78.88 
- 71.32 
- 74.43 
- 78.88 
- 67.12 
• 80.32 
 73.49 
- 76.77 
- 80.32 
• 72.19 
 81.69 
• 75.70 
• 78.74 
• 81.69 
• 74.08 
 50.21 
• 57.09 
- 52.19 
- 50.21 
• 55.57 
Saiple-1 = Sitophilus granarius (L .KAl ig . ) 
Sa«pIe-2 = Rhizopertha doi inica ( F . l l A l i g . ) 
Safflple-3 = Sitophilus grai>arius (L.KM.Nagar.) 
Safflple-4 = Rhizopertha (^oiinincalF.KM.Nagar.) 
Saiiple-5 = iJryzaephjius s u n n a i e n s i s f L . K A h g . ) 
* Each dituffl i s uean of three readings. 
« Growth was expressed m t e m s of 'k Trans i i t tance . 
I Observation period was froa 0-108 hours at Interval 
of 12 hours except for f i r s t two readings where i t was 
2 and 6 hours respect ive ly . 
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TABlE-6 
IN VITRO EFFECT OF DIFFERENT CONCENTRATITO OF NIGELLfi SATIVA ( W L I E E R I ) [PETROLED ETHER EKTW£T} ON GROWTH 
U BfiCTERIA ISOLATED FRW SOt€ STOP£D KIAIN PESTS.* 
COfC. 
n 
Tk 
11 
4X 
5X 
CONTROL 
5WPLE 
\ 
3 
* 
5 
1 
2 
•7 
A 
5 
1 
2 
3 
4 
5 
I 
2 
3 
4 
5 
I 
2 
-y 
4 
5 
1 
2 
3 
4 
5 
meS. (F QR6AN1S« TOTAL BRO«TH* 
% TRAN31ITTWCE 
Staphylococcus albus 
iiClUUi 5Ubt2lU5 
Staphylococcus aureus 
Staphylococcus albus 
SalioReiia typhiiunut 
Staphylococcus aious 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus alius 
Salionella typhiiuriui 
Staphylococcus alhus 
Bacillus suhtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salionella typhuuriui 
^t^h)lQcoccui ilbiis 
Bicillus subtilus 
Staphylococcus mreus 
Siiphylococcas albus 
Saltonelli typhiiunui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltotiella typhiiunui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Silionella typhiiuriu* 
703.63 
771.98 
582.29 
703.63 
729.64 
740.65 
804.94 
699.29 
740.65 
762.28 
762.62 
825.98 
731.31 
762.62 
781.30 
784.95 
841.65 
753.29 
784.95 
795.63 
803.64 
862.66 
776.30 
803.64 
830.98 
480.97 
535.30 
500.64 
480.97 
540.32 
ma** 
58.63 
64.33 
48.52 
58.63 
60.80 
61.72 
67.07 
58.27 
61.72 
63.52 
63.55 
68.83 
60.94 
63.55 
65.U 
65.41 
70.13 
62.77 
65.41 
66.30 
66.97 
71.88 
64.69 
66.97 
69.25 
40.08 
44.61 
41.75 
40.08 
45.03 
S.D. 
17.90 
17.73 
22.24 
17.90 
17.83 
16.62 
17.01 
17.02 
16.62 
17.08 
16.37 
15.50 
16.21 
16.37 
16.34 
16.36 
14.41 
16.34 
16.36 
16.02 
15.35 
12.99 
15.87 
15.35 
14.97 
17.90 
22.04 
18.45 
17.90 
18.62 
S.E, 
+5.17 
+5.12 
+6.42 
+5.17 
+5.15 
+4.80 
+4.92 
+4.92 
+4.80 
+4.93 
+4.73 
+4.48 
+4.68 
+4.73 
+4.72 
+4.72 
+4.16 
+4.72 
+4.72 
+4.63 
+4.43 
+3.75 
+4.58 
+4.43 
+4.32 
+5.17 
+6.37 
+5.33 
+5.17 
+5.38 
R = f€f*< + S.E. X 1.9£ 
SIGNIFICANCE VALUE FOR 
95'/i COW^IDENCE LIMIT 
48.49 - 68.76 
54.29 - 74.36 
35.94 - 61.10 
48.49 - 68.76 
50.71 - 70.89 
52.31 - 71.13 
57.43 - 76.71 
48.63 - 67.91 
52.31 - 71.13 
53.85 - 73.18 
54.:^ - 72.32 
60.05 - 77.61 
51,76 - 70.11 
54.28 - 72.82 
55.86 - 74.36 
56.16 - 74.66 
61.97 - 78.28 
53.52 - 72.02 
56,16 - 74.66 
57.22 - 75.37 
58.28 - 75.65 
64.53 - 79.23 
55.71 - 73.66 
58.28 - 75.65 
60.78 - 77.71 
29.95 - 50.21 
32.12 - 57.09 
31.30 - 52.19 
29.95 - 50.21 
34.48 - 55.57 
Sanple-l = Sitopbilus grasarius (L.)(Ah9.) 
Safflple-2 = IU)i-/opertha dotmica (F.JlAlig.) 
Saaple-S = SitophiJus jranarius (L.KM.NaQar.) 
Saaple-4 = Rhizopertha (ioiininca(F.)(M.Nagar.) 
Saflple-5 - Oryzaephilus surina»ensis (L.KAlig. 
• Each datus is siean of three readinqs. 
** Grarth was expressed in terms of '/, Transiittance. 
# Observation period was fros 0-108 hours at Interval 
of 12 hours except for first two readings where it was 
2 and 6 nours respectively. 
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TABU - 7 
IH VITRO tFFECJ OF BmEREXJ COHCEHTR/Ums Of VERHOHU miJHELnWKA (KALOHGl) [PEJROLEllfl DHER E)[JRACJI OH GROtlTH OF 
BACTERIA ISOLATED fM« S5«f STQREd ORAIH PESTC r 
COHC. 
11 
n 
n 
« 
5';: 
COHTROL 
SAHPil 
i 
«;Wf OF oRomm 
staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salmonella typhimunua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salmonella typhiaunua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salfflonella typhiaunu/s 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salmonella typhimunun 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salmonella typhimunuis 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salaonelli typhimunuft 
TOTAL OROHTR* 
I TRMSHITTAHCE 
bll.lO 
616.29 
695.63 
612.10 
678.64 
657.97 
658.28 
749.30 
657.97 
710.61 
689.61 
689.JO 
784.32 
689.63 
737.97 
739.30 
724.95 
826.64 
739.30 
767.32 
772.32 
750.62 
850.32 
772,32 
301.6i 
480.97 
535,30 
500.64 
480.97 
540.32 
«£,«•*•* 
52.66 
53.02 
57.96 
52. t6 
56.55 
54,83 
54.35 
b2.44 
54.83 
59,22 
57.46 
57.44 
65.36 
57.46 
62.49 
62.60 
60.42 
68,88 
61.60 
63.94 
64.27 
62.55 
70,86 
64.27 
66.97 
40.08 
44.62 
42.75 
40.08 
45.03 
S.J). 
24.22 
16.01 
16.12 
14.11 
15.10 
14.14 
15.91 
15.14 
14.14 
15.06 
24,57 
26,58 
24,92 
24,57 
25.32 
14,04 
26.56 
23.89 
24.04 
25.25 
24.03 
26.20 
23.82 
24.03 
24.53 
27.90 
22,04 
28.45 
27.90 
18.62 
S.£. 
H.07 
M.61 
^ . 6 5 
+4.07 
M.lb 
H.OS 
+4.60 
+4.17 
+4.08 
+4.15 
+4.21 
+4.79 
M.U 
+4.21 
*4.42 
^4.06 
1*4,78 
^4.01 
+4.06 
+4.40 
+4.05 
+4.t,8 
+1.99 
+4.05 
+4.20 
+5.17 
+6.V 
+5.11 
+5.17 
+5.38 
R ^ HE/^ * S. t , X 2,96 
SmiFKAHCE VALUE FOR 
951 COHFldEHCE LIHIT 
44.71 -
41.94 -
48,85 -
44.72 -
4S.00 -
46.81 -
45.83 -
53,87 -
46.83 -
50.69 -
49,22 -
48,05 -
58,92 -
49,22 -
52,83 -
53.64 -
52.04 -
t,1.02 -
53.64 -
55.32 -
56.33 -
53.37 -
63,04 -
56.33 -
58,74 -
29.95 -
32.22 -
J2.30 -
29.95 -
34.48 -
60.b6 
62.09 
67.07 
60.66 
65.09 
62.83 
63,86 
72,i>9 
b2.81 
67.75 
65.72 
66.83 
73.32 
• 65.72 
• 70.25 
69.56 
69.78 
76,74 
69.56 
72.56 
72.22 
72,72 
76,68 
72.22 
75.20 
50,22 
57,09 
52.29 
50,22 
55,57 
SafpIe-2 = Sitophilus grananus lL.}(Ahq.) 
3aipie-2 - Flhizopertha doainica (F.)(Alig.) 
Saip/e-J = Sitophilus grananus (L.KH.Hagar.J 
SatpIe-4 = Rhizopertha domninciiF.'nff.Hiqar.) 
Satple-5 = Qryzaephilus sunnasensis (L.KAlig.) 
» Eac/i datui is lean of three readings, 
** Gronth Nis expressed in tens oi I Transtittance. 
# Observatioji period was frot 0-108 hours ai Interval 
of 22 hours except ior first tao readings akere it was 
2 arid 6 hours respectively. 
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TABU -8 
IH VURD EFFECT Of dlFfmHJ COHCmRAIWHS OF PDHGMA BimA (KmJA) [PETROLm ETHER EXTfi^ TJ OH GRCiUH 
OF SACmiA ISOLAJEd FM SOHE SJORld GRAIH PESTS. 
mc. 
11 
n 
21 
a 
51 
comoi 
smPLi 
I 
2 
3 
4 
5 
1 
2 
3 
4 
5 
I 
2 
7 
•J 
4 
•) 
t 
1 
.; 
7 
4 
5 
1 
2 
3 
* 
'j 
! 
2 
J 
4 
C 
HM OF ORSAMISH 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salaonella typhiouriua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salfionella typhisunua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salsonella typhinunus 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salmonella typhisunuji 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saloonella typhisunua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salannella typhisunus 
TOTAL GROm^ 
I TR/^SIilTTAMCF 
604.62 
558.30 
535.96 
604.62 
5Sl.b4 
624.29 
572,98 
557.30 
624.29 
600.96 
653.63 
597.30 
574.29 
65Z.63 
619.97 
6S9.10 
629.66 
609.97 
6d9.20 
646.64 
728.33 
686.64 
634.29 
728.33 
670,31 
480.97 
535.30 
500.64 
480.97 
540.22 
ntAK^* 
50.3S 
4t-.52 
44.66 
50.38 
42.t,3 
52.02 
47.75 
46,44 
52.02 
50.08 
54,47 
49.77 
47.85 
54.47 
51.66 
57.44 
53.30 
50.83 
57.44 
53.88 
60.69 
57.22 
53.94 
60.69 
55.86 
40.08 
44.61 
41.75 
40.08 
45.03 
:.d. 
h.S4 
15.36 
16.74 
16.84 
l6,66 
16.cO 
15.51 
16,00 
16.60 
16.61 
16.14 
15.55 
15.67 
16.14 
16.61 
15.86 
14.99 
15.98 
15.86 
lb.02 
15.67 
15.26 
15.93 
15.67 
16.26 
17.90 
22.04 
18,45 
17,90 
18.62 
S.t. 
t4.8t 
t4.44 
i-4.34 
H.Sb 
H.81 
H.79 
M.48 
i4.62 
H.79 
H.80 
+4.66 
HA9 
H.51 
+4.66 
+4.80 
+4.58 
+4.22 
*4.62 
+4.58 
+4.b2 
+4.52 
+4.40 
M,60 
f4,53 
1^ 4,70 
^5,17 
+b.JI 
+5.21 
+5.17 
+5.28 
R ^ 1*1^ + : , E , X 1 , ? 6 
SIGNIFIC,4NCE ULUE fOff 
95i CQHFWEHCE LWU 
40.85 - 59.90 
37.82 - 55.22 
35.17 - 54.15 
40.85 -59.90 
39.20 - 58.06 
42.63 - 61.41 
23.97 - 56.52 
37.38 - 55.49 
42.62 - 61.41 
40.67 - 59.48 
45.24 - 62.oO 
40.97 - 58.57 
38,97 - 56,73 
45,34 - 63.60 
42,25 - 61,07 
48.46 - 66.42 
44.81 - 61.78 
41.77 - 59.88 
48.46 - 66.42 
44.80 - b2.95 
51.81 - 69.57 
48.59 - t5.84 
44,92 - 62.95 
51.81 - i9.57 
46.65 - 65.07 
29,95 - 50.21 
32,12- 57,09 
31,30 - 52.19 
29.95 - 50.21 
24.48 - 55.57 
Sitple-1 = Sitophilus grananus (L.)(Alig.) 
Saiple-2 - Rhizopertha dooinica (F.KAhg.) 
S«p2e-3 - Sitophilus grananus (L.){tf.Hig3r.) 
Satple-4 = Rhizopertha do«iinincafF,Jfff.«agari 
Sitple-5 - Oryzaephilus sunnaaensis (L.)(Alig.) 
* Each datut is lean of three readij^gs. 
*•» Gronth N3S expressed m teris of I TraDstittmce. 
# Observation period was froi 0-108 hours at Interval 
of 12 hours except for first txo readings nhere it nas 
2 and 6 hours respectively. 
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TABLE - 9 
IN VITRO EFFECT OF DIFFERENT CQNCENTRATIOJ^ ZATfftlft HULTIFLQRA (SHATAR) [PETROLEUM ETHER EXTRACT! C^ 
GROWTH OF BACTERIA ISOLATED FROM SOME STORED GRAIN PESTS. 
CIM:. 
ix 
2y. 
z% 
4*/, 
5X 
CONTROL 
mfi£ 
1 
2 
T 
4 
5 
1 
2 
3 
4 
!) 
1 
n 
<!' 
4 
5 
1 
2 
3 
4 
5 
J 
i j 
4 
5 
I 
2 
4 
5 
HW€ OF aiSANISM 
Staphylococcus albus 
Bacillus subtilus 
Stifthylococcas aureus 
3tap/)yJococcuj albus 
Saltoitelli typhiiunut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcw; albus 
3altonella typhiiariun 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saliosella typhitunui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhitunut 
Staphvlococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
SalioRella typhiiuriui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltosella typhituriut 
TOTAL BROHTH* 
y. TRWfiMinWCE 
571.95 
t>19.3l 
650.97 
571.95 
604.97 
611.30 
670.29 
7M.63 
611.3tO 
643.96 
643.30 
712.29 
742.31 
643.30 
675.64 
684.97 
755.29 
792.30 
684.97 
726.29 
737.31 
B09.29 
839.30 
737.31 
765.95 
4B0.97 
535.30 
500.64 
480.97 
540,32 
47.66 
51.60 
54.24 
47.66 
50.41 
50.94 
55.85 
58.71 
50.94 
53.66 
53.61 
59.35 
01.86 
53.61 
56.30 
57.08 
62.94 
66.02 
57.08 
60,52 
61.44 
67.44 
69.94 
61.44 
63.83 
40.08 
44.61 
41.75 
40.08 
45.03 
S.D. 
12.41 
12.46 
11.84 
12.41 
12.09 
12.17 
11.41 
10.93 
12.17 
11.48 
12.02 
10.56 
10.66 
12.02 
11.38 
12.69 
9.44 
8.94 
12.69 
10.56 
11.83 
9.11 
8.44 
11.83 
9.89 
17.90 
22.04 
18.45 
17.90 
18.62 
S.E. 
+3.58 
+3.60 
+3.42 
+3.58 
+3.49 
+3.51 
+3.29 
+3.15 
+3.51 
+3.32 
+3.47 
+3.05 
+3.08 
+3.47 
+3.28 
+3.66 
+2.72 
+2.58 
+3.66 
+3.05 
+3.42 
+2.63 
+2.44 
+3.42 
+2.86 
+5.17 
+6.37 
+5.33 
+5.17 
+5.38 
R ^ !«W< + B.E. X 1.96 
SIBNIFICAtCE VALUE FOR 
?5'< CWflDENCE LIMIT 
40.64 - 54.67 
44.54 - 58.65 
47.54 - 60.94 
40.64 - 54.67 
43.57 - 57.25 
44.06 - 57.32 
49.40 - 62.29 
52.52 - 64.88 
44.06 - 57.82 
47.15 - 60.17 
46.81 - 60.41 
53.37 - 65.33 
55,82 - 67.89 
46,81 - 60.41 
49.87 - 62.73 
49.91 - 64.25 
57.61 - 68.27 
60.96 - 71.07 
49.91 - 64.25 
54.54 - 66.49 
54.74 - 68.14 
62.28 - 72.59 
65.16 - 74.72 
54.74 - 68.14 
58.22 - 69.43 
29.95 - 50,21 
32.12 - 57.09 
31.30 - 52.19 
29.95 - 50.21 
34.48 - 55.57 
SaiBple-l = Sitophilus granarius (L.KAhg.i 
Safflpie-2 - Rhizopertha doiii^ica (F.XAhg.) 
Sa*ple-3 = Sitophilus granarius (L.KH.Nagar) 
Saiiple-4 = Rhizopertha dotijiica (F.ldl.Nagar) 
Saj^le-5 = Oryzaephilus surina»e«sis(L.)(Ahg.! 
* Growth was expressed in teras of S transsittance. 
•• Each daw» is a (lean of three readings. 
# Observation periods 0-108 hours at an interval of 12 
hours except for first two readings where it was 2 
and 6 hours respectively. 
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TABLE - 10 
IN VITRO EFFECT OF DIFFERENT COKENTRATIffle OF MYRICA»6I QFFICANALIS (KAiPj/fll) (PETROLEUH ETHER EXTRACT) 
ON KlOttTH OF BACTERIA ISOLATED FROH SOME ST(MD GRAIN PESTS. 
CaC. Smil NAME OF 0R6ANISM TOTAL 6ftO«TH 
X TFANSWITTAfCE 
MEAN 1*^ S.D. S.E. R - HEAN + S.E. x 1.96 
SIGNIFICANCE VALUE FOR 
95'/ CONFIDENCE LIMIT 
IX 
n 
z% 
4X 
staphylococcus albus 618.29 51.52 12.28 
Bacillus sabtilus 653.28 54.44 11.76 
Staphylococcus aureus 661.29 55.10 12.58 
staphylococcus albus 613.29 51.52 12.28 
SalioRella typhiiuriui 700.94 56.41 12.38 
Staphylococcus albus 641.95 53.49 11.99 
Sacilius subtilus 664.97 55.41 11.58 
Staphylococcus aureus 685.29 57.10 12.49 
Staphylococcus albus 641.95 53.49 11.99 
Saltonella typhimriui 718.95 59.91 12.33 
Staphylococcus albus 657.3i) 54.77 12.48 
Bacillus subtilus 675.96 56.33 11.87 
Staphylococcus aureus 705.28 58.77 12.24 
Staphylococcus albus 657.30 54.77 12.48 
Saiionelia typhiiunui 747.94 62.33 12.26 
Staphylococcus albus 682.28 5 6 . ^ 12.71 
Bacillus subtilus 701.28 58.44 11.86 
Staphylococcus aureus 735.95 61.33 12.3() 
Staphylococcus albus 682.28 56.85 12.71 
Salioneila typhiiunui 761.95 63.49 12.60 
+3.55 
+3.40 
+3.63 
+3.55 
+3.56 
t3.46 
+3.35 
+3.61 
+3.46 
+3.56 
+3.60 
+3.43 
+3.53 
+3.60 
+3.54 
+3.67 
+3.42 
+3.55 
+3.67 
+3.64 
44.56 - 58.48 
47.74 - 61.10 
47.98 - 62.21 
44.56 - 58.48 
51.39 - 65.43 
46.71 - 6t0.27 
48.84 - 61.97 
50.02 - 64.17 
46.71 - 60.27 
52.93 - 66.88 
47.71 - 61.83 
49.61 - 63.05 
51.85 - 65.68 
47.71 - 61.83 
55.39 - 69.27 
49.65 - 64.04 
51.73 - 65.14 
54.37 - 6 8 . ^ 
49.65 - 64.04 
56.35 - 70.62 
1 Staphylococcus albus 711.61 59.30 11.55 +3.34 52.75 - 65.85 
2 Bacillus subtilus 737.62 61.46 11.45 +3.31 54.97 - 67.95 
5X 3 Staphylococcus aureus 777.63 64.80 11.49 +3.32 58.29 - 71.31 
4 Staphylococcus albus 711.61 59.30 11.55 +3.34 52.75 - 65.85 
5 SalMOJtella typhituriui 816.31 68.02 11.40 +3.20 61.57 - 74.47 
CONTROL 
Staphylococcus albus 
Bacillus si^tilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhiiunui 
480.97 
535.30 
500.64 
480.97 
540.32 
40.06 
44.61 
41.75 
40.08 
45.03 
17.90 
22.04 
18.45 
17.90 
18.62 
+5.17 
+6.37 
+5.33 
+5.17 
+5.38 
29.95 - 50.21 
32.12 - 57.09 
31.30 - 52.19 
29.95 - 50.21 
34.48 - 55.57 
Saaple-l = Sitophilus granarius (L.KAlig.) • 
Sa«ple-2 = Rhizopertha dotiDica (F.KAhg.) H 
Sa«)ple-3 = Sjtophjiuj graitarius (L.KM.Nagar.) # 
Sa«ple-4 = Rhizopertha dotinica (F.XM.Nagar.! 
Sa(8ple-5 = Oryiaephilus suriRaiensisCL.KAhg 
Growth was expressed in terss of X transaittance. 
Each datua is a oean of three readings. 
Observation periods 0-108 hours at an interval of 12 
hoars except for first two readings where i t was 2 
and 6 hours respectively. 
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TABLE -11 
IN VITRO EFFECT » DIFFERENT OMBiTRATIQNS i ? »£NTHA S?KMA IPOdimiPHmm ETHER EKTfi^TJ OH GROWTH OF 
BACTERIA ISOLAm ffiOU SOUE SJORLd 6RAIH PESIS.* 
COHC. 
11 
n 
n 
n 
51 
comoL 
S/W/>i£ 
( 
2 
3 
4 
r 
I 
2 
3 
4 
5 
I 
2 
3 
4 
5 
1 
2 
3 
4 
5 
I 
2 
3 
4 
r 
1 
2 
3 
4 
5 
« M or 0R5/WIS« 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salifflfiella typhisunuit 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Siltonella typhiaunus 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
SalfKinella typhinunufl 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saleonella typhiaunus 
StaphylocKcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salfflonella typhiounua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salnonella typhiaunun 
TOTAL GROm* 
I JRAHSnmAHCE 
m.63 
551,?7 
604.30 
486.£3 
512.¥) 
519.96 
579.30 
624.62 
519.96 
557.64 
547.9S 
610.29 
653.62 
547.98 
584.32 
580.29 
677.21 
691.10 
580.29 
6tZ.91 
617.96 
678.31 
730.63 
617.96 
648.97 
m.97 
535.30 
500.64 
m.97 
540.32 
44 
40.55 
45.99 
50.35 
40.55 
44.36 
43.33 
48.27 
52.05 
43.33 
46.47 
45.66 
50.85 
54.46 
45.66 
48.69 
48.35 
53.11 
57.60 
48.35 
5i.l6 
51.49 
56.52 
60.88 
51.49 
54.08 
40.08 
44.61 
41.75 
40.08 
45.03 
S.O. 
18.42 
18.47 
17.94 
18.42 
17.82 
17.48 
18.02 
17.73 
17.48 
17.98 
17.59 
17,48 
17.33 
17,59 
17.65 
18.21 
17.47 
16.51 
18.21 
17.57 
18.01 
16.82 
16.01 
18.03 
17.44 
17,90 
22,04 
18,45 
17.90 
18.62 
S.E. 
^5.32 
^5.34 
i-5.18 
t5.12 
+5.15 
+5.05 
+5,21 
+5.12 
+5.05 
+5.19 
+5.08 
+5.05 
+5.01 
+5.08 
+5.10 
+5.26 
+5.04 
+4.77 
t5.26 
''5.07 
^5.21 
^4.86 
1^ 4.63 
^5.21 
^5.04 
''5.17 
^6.37 
^5.33 
^5.17 
^5.38 
R - KEAH + S.E. X 1.96 
SmiFKAUCE VALUE FOR 
951 COHFWEHCE 11X11 
10.12 -
35.52 -
40.19 -
10.12 -
14.26 -
11.41 -
18.06 -
42.01 -
33.43 -
36.29 -
35.70 -
45,954 
44.64 -
35.70 -
18.69 -
18.04 -
43.23 -
48.25 -
38.04 -
41.22 -
41.27 -
46,99 -
51.SO -
41.27 -
44.20 -
29.95 -
32.12 -
31,30 -
29.95 -
14.48 -
50.97 
56.45 
60.50 
50,97 
54,45 
53.23 
58.48 
62.08 
53.23 
56.64 
55.62 
- 60.75 
64.28 
55.62 
58.68 
58.66 
62,98 
66.95 
58.66 
61.09 
61.70 
66.04 
69.95 
61.70 
63.96 
50,21 
57,09 
52.19 
50.21 
55,57 
SaipIe-1 = Sitc^hilus grananus (L.)(Ahg.) 
SaipIe-2 = Rhait^ertha doninica (F.)(Alig.) 
Saipie-3 = Sitophilus grananus (L.)(H.Hig3r.} 
Sati>le-4 - Rhizopertha 6min\m:i{F.)(tf.Hagar.) 
SaipIe-5 = Qryzaephilus sunnaaensis (DiAhg.) 
t^ Each datui is lean oi three readingj. 
+• Sronth Has expressed m ierts oi I Transtittance. 
# Observation period was irot 0-108 hours at hteryal 
oi 12 hours except ior iirst tm> readings where it was 
2 and 6 hours respectively. 
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TftBLE - 1 2 
IN VITRO EFFECT OF DIFFERENT CONCENTRATIONS W LAKTAKA CNmA [PETROLEUK ETHER EXTRACTl ON GROWTH OF 
BACTERIA ISOLATED FRW Sfflt STC»?ED BRAIN PESTS. 
COIC. 
VI, 
T/. 
Z% 
4X 
5X 
CONTROL 
SA(«'LE 
1 
2 
7 
4 
5 
1 
2 
3 
4 
5 
I 
2 
3 
4 
5 
1 
1 
4 
5 
I 
2 
7 
4 
5 
1 
2 
T 
4 
5 
NW€ OF ORBANISM 
Stiphylococcus albu^ 
Sicillus subtilas 
Staphylococcus aureus 
Staphylococcus albus 
Saiioneila typhiiurjui 
citifihylocDccus aibus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salionella typhiiuriui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salionella typhiiunui 
Staphylococcus albus 
Bacillus subtilus 
Stiphylococcus aureus 
Staphylococcus albus 
Salionella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salionelia typMiuriui 
Staphylococcus albas 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
TOTAL BROWTH* 
% TRANSMITTANCE 
559.% 
497.30 
456.65 
559.96 
526.62 
586.30 
515.30 
479.26 
586.30 
548.64 
624.30 
539.96 
502.29 
624.30 
568.65 
665.29 
569.64 
532.97 
665,29 
607.98 
709.97 
606.30 
573.62 
709.97 
645.62 
480.97 
535.30 
500.64 
480.97 
540.32 
!€AN** 
46.66 
41.44 
3B.05 
46.66 
43.88 
48.S6 
48.86 
39.94 
48.86 
45.72 
52.02 
45.00 
41.86 
52.02 
47.39 
55.44 
47.47 
44.41 
55.44 
50.66 
59.16 
50.52 
47.80 
59.16 
53.80 
40.08 
44.61 
41.75 
40.08 
45.03 
S.D. 
18.46 
18.74 
19.00 
18.46 
18.48 
17.98 
18.60 
19.04 
17.98 
18.12 
17.48 
18.86 
13.91 
17.48 
18.60 
16.82 
18.78 
18.89 
16.82 
18.30 
16.32 
18.43 
18.67 
16.32 
17.95 
17.90 
22.04 
18.45 
17.90 
18.62 
S.E. 
+5.33 
+5.42 
+5.49 
+5.33 
+5.34 
+5.20 
+5.43 
+5.50 
+5.20 
+5.24 
+5.05 
+5.45 
+5.46 
+5.05 
+5.37 
+4.86 
+5.42 
+5.46 
+4.86 
+5.28 
+4.72 
+5.32 
+5.39 
+4.72 
+5.18 
+5.17 
+6.37 
+5.33 
+5.17 
+5.38 
R := reiN + S.E. X 1.96 
SIMFICANCE VAL1£ FOR 
%% COt^ IDENCE LIMIT 
36.21 - 57.11 
30.82 - 52.06 
27.28 - 48.81 
36.21 - 57.11 
33.41 - 54.35 
38.67 - 59.05 
32.29 - 53.58 
29.16 - 50.72 
38.67 - 59.05 
35.45 - 55.99 
42.12 - 61.92 
34.32 - 55.68 
31.16 - 52.56 
42.12 - 61.92 
36.86 - 57.91 
45.91 - 64.96 
36.85 - 58.09 
33.71 - 55.11 
45.91 - 64.96 
40.31 - 61.00 
49.91 - 68.41 
40.09 - 60.95 
37.23 - 58.36 
49.91 - 68.41 
43.65 - 63.95 
29.95 - 50.21 
32.12 - 57.09 
31.30 - 52.19 
29.95 - 50.21 
34.48 - 55.57 
Sa«ple-1 = Sitop/iilus gmiarius (L.KAlig.) 
Saiiiple-2 = Rhizopertha dotunca (F.XAlig.) 
Saiple-3 = Sitophilus qrananus (L.XM.Nagar.) 
Saiiiple-4 - Rhizopertha doii!iiiica(F.)(M.Nagar.) 
Saaplg-5 - Oryzaephilus suriiiaieRsistDiAhg.) 
» Each datus is nean of three readings, 
*• Growth was expressed in teras of '/. Transaittance. 
• Observation period was froa 0-108 nours at Interval 
of 12 hours except for first two readings i^iere it was 
2 and 6 hours respectively. 
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TABLE -13 
IN VITRO EFFECT \f DIFFERENT CONCENTRATIONS OF NIKLLA SATIVA (KALISEERl) [ETHA(«L EXTRACT] ON GROWTH OF 
BACTERIA ISDLATO FRQH SOJ€ STORED GRAIN PESTS/ 
CONC. SAMPLE m£ CF ORBANISH TOTAL mMm* t€AN** 
% TRAteilTTANCE 
S.D. S.E. R - tCAN t S.E. X 1.% 
SIGNIFICANCE VALUE FOR 
95X CONFIDENCE LIMIT 
1% 
n 
Zl 
4'/. 
5X 
CONTROL 
1 
2 
3 
4 
5 
1 
2 
T 
4 
5 
I 
2 
3 
4 
5 
i 
2 
J 
4 
5 
1 
2 
T 
4 
5 
1 
2 
7 
4 
5 
Staphylococcus ilbus 
SaciIIus stibtiliis 
Ztifh'jlor.Qcr.u^ aureui 
Stap/iyiococcuj aJbus 
Ziltonelli typhiturnit 
StaphylocorrMi albus 
Bacillus lubtilus 
Stapbylococr.us aureus 
Staphylococcus ilbus 
Saltoaella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus aibus 
Sal»oiiel]a typhiiuriui 
Staphylococcus albus 
BaciHus suhtiius 
Staphylococcus aureus 
Staphylococcus albus 
SaJioaeiia typhiiunui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
SaltODella typhituriu9 
630.63 
648.29 
726.94 
630.63 
650.62 
667.96 
685.95 
756.27 
667.96 
677.29 
680.30 
730.97 
798.97 
680.30 
798.95 
763.63 
777.97 
835.63 
763.63 
734,64 
786.96 
816.31 
872.63 
786.96 
778.62 
469.96 
473.98 
435.95 
469.96 
501.98 
52.55 
54.02 
60.57 
52.55 
54.21 
55.66 
57.16 
63.02 
55.66 
56.44 
56.69 
60.91 
66.58 
56.69 
59.07 
63.63 
64.83 
69.63 
63.63 
61.22 
65.56 
68.02 
72.71 
65.58 
64.88 
39.16 
39.98 
• ^ t U ^ 
39.16 
41.83 
13.37 
13.34 
11.64 
13.37 
11.81 
12.61 
13.40 
11.50 
12.81 
11.11 
13.03 
12.7 
11.16 
13.03 
10.62 
11.57 
9.C-5 
9.98 
U.57 
10.55 
10.75 
10.17 
9.61 
10.75 
9.74 
18.87 
18.23 
17.25 
18.87 
21.57 
+3.86 
+3.85 
+3.36 
+3.86 
+3.41 
+3.70 
+3.87 
+3.32 
+3.70 
+3.21 
+3.76 
+3.69 
+3.22 
+3.76 
+3.07 
+3.34 
+2,62 
+2.88 
+3.34 
•t-3.05 
+3.10 
+2.94 
+2.77 
+3.10 
+2.81 
+5.45 
+5.27 
+4.98 
+5.45 
+6.23 
44.98 -
46.47 -
53.98 -
44.98 -
47.53 -
48.41 • 
49.57 -
56.51 -
48.41 • 
50.15 • 
49.32 • 
53.67 • 
60.27 • 
49.32 • 
53.05 • 
57.08 • 
59.69 • 
63.98 • 
57.08 • 
55.24 -
59.50 • 
62,26 • 
67.28 • 
59.50 -
59.37 • 
28.48 • 
29.65 • 
26.57 -
28.48 • 
29.62 • 
• 60.11 
• 61.56 
• 67.15 
• 60.11 
• 60.89 
• 62.91 
- 64.74 
- 69.53 
• 62.91 
- 62.73 
- 64.C-6 
- 68.14 
- 72.89 
- 64.06 
- 65.08 
- 70.17 
- 69.96 
-75.27 
- 70.17 
- t)7.19 
• 71.65 
- 73.78 
- 78.14 
- 71.65 
- 70.38 
- 49.84 
- 50.31 
• 46.09 
• 49.84 
- 54.04 
5ai^le-l - Sitophilus grananus (L.XAlig.) » 
Sa^le-2 - Rhizopertha dotntica (F.XAlig.) »• 
Sa«ple-3 - Sitophilus grartarius (L.XH.Nagar.) # 
Saflple-4 = Rhizopertha donmca (F.Ktt.Nagar.) 
Saaple-S - Oryiaephilui surjuaiensij(L.)(Ah9.) 
Growth was expressed in teres of X transaittance. 
Each datuffl i s a mean of three readings. 
Observation periods 0-108 hours at an interval of 12 
hours except for f irst two readings where i t was 2 
and 6 hours respectively. 
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TABLE -14 
IN VITRO EFFECT U DIFFERENT CONCOiTPJ^ TIQMS OF PCOP.US CftLWS (BIXH) [ETHWCL EXTRACT! ON MWTH OF 
P^TERIA ISOLftTED FROH S0!€ STOPS SRAW PESTS. 
cote. 
IX 
21, 
Z% 
4y. 
5'^  
CONTROL 
SAfPLE 
I 
2 
3 
4 
5 
1 
2 
3 
A 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
KAIC OF QRSANISM 
Stspbylocorxus albus 
Bicillus subtilus 
Staphylococcal aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus alfeus 
Salionelia typhiiuriui 
Staphyiococcuj albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
SsiioneJla typhiiuriui 
Staphylococcus albas 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Siltosella typhitariut 
Staphylococcus albas 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
TOTAL BROWTri* 
% TEANSHITTWCE 
676.95 
607.62 
632.30 
676.95 
596.62 
706.28 
631.29 
663.30 
7%.1& 
615.64 
742.96 
651.63 
703.30 
742.96 
635.97 
776.97 
694.64 
725.61 
776.97 
671.32 
816.30 
733.31 
767.99 
816.30 
700.65 
469.96 
473.98 
435.95 
469.96 
501.98 
i€AN** 
56.41 
50.63 
52.69 
56.41 
49.72 
58.85 
52.60 
55.27 
58.85 
51.30 
61.91 
54.30 
5B.C0 
61.91 
52.99 
64.74 
57.88 
60.46 
64.74 
55.94 
68.02 
61.10 
63.99 
68.02 
58.38 
39.16 
39.98 
36.33 
39.16 
41.83 
S.D. 
13.99 
13.10 
12.70 
13.99 
13.25 
13.47 
13.30 
13.03 
13.47 
13.09 
13.59 
12,99 
13.49 
13,59 
12.61 
13.30 
13.30 
13.37 
13.30 
13.61 
12.89 
13.37 
13.51 
12.89 
12.89 
18.87 
18.23 
17.25 
18.87 
21.57 
S.E. 
+4.04 
+3.78 
+3.67 
+4.04 
+3.83 
+3.89 
+3.84 
+3.76 
+3.89 
+3.78 
+3.92 
+3.75 
+3.90 
+3.92 
+3.64 
+3.84 
+3.89 
+3.86 
+3,84 
+3,93 
+3.72 
+3.86 
+3.90 
+3.72 
+3.72 
+5.45 
+5.27 
+4.98 
+5.45 
+6.23 
R = f€AN + S.E. X i.9o 
SIGfilFICWCE VALUE FOR 
95*/. CONFIDENCE LIMIT 
48.49 - 64,33 
43.22 - 58.04 
45.49 - 59.ffi 
48,49 - 64.33 
42.21 - 57,23 
51.22 - 66.47 
45.07 - 60,13 
47,90 -62.64 
51.22 - 66.47 
43.89 - 58.71 
54.22 - 69.59 
46.95 - 61.65 
50.95 - 66.24 
54.22 - 69.59 
45.85 - 60.12 
57.21 - 72.26 
50,2-5 - 65,50 
52,89 - 68,02 
57.21 - 72.26 
48.24 - 63.64 
60.73 - 75.31 
53.53 - 68.66 
56.35 - 71.63 
60.73 - 75.31 
51.08 - 65.67 
28.48 - 49.84 
29.65 - 50.31 
26.57 - 46.09 
28.48 - 49.84 
29.62 - 54.04 
Sanple-l = Sitophilus granarius iL,)(fth9,) 
Saiiple-2 = fihi,:opertha dotiriica (F,)(fth9,) 
Saaple-3 = Sitophilus graftarius (L.XH.Hagar.) 
Saiiple-4 = fihu'opsrtha doiiiiincalF.KH.Nagar,') 
Sai^le-5 = Oryjaephilus surinaiensis (L,)(Ah9. 
• Each datuffl is i»ean of three readings. 
•• Srcwth was expressed in tems of % Transaittance. 
» Kiservation period was 1ro« 0-108 hours at Interval 
of 12 hours except for f irst two readings where i t was 
2 and 6 hours respectively. 
TABLE - 1 5 
IN VITRD lEFFECT ( F DIFFERENT CIMS^TRATIONS (F HYRICA>W5I OFFICAWiLIS (KAIPHAL) [ETHAM3L EXTRACT! M GROWTH [F 
BACTERIA ia3LATED FRW S O C STORED KWIN PESTS. 
CQNC. 
m 
n 
z% 
« 
5X 
CONTROL 
S^WLE 
1 
2 
3 
4 
5 
1 
2 
o 
4 
5 
1 
2 
7 
4 
5 
1 
2 
3 
4 
5 
1 
2 
7 J 
4 
5 
1 
2 
3 
4 
5 
mf£ OF OREANISn 
iUfhylocQCCus a lbus 
Bacillus subtilus 
Staphylococcus aureus 
'itifhylococcu^ alb'is 
Salioiiella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
SUphylococcus aureus 
Staphylococcus albus 
Saltonella typhitariu* 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salioaella typhitariut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltojtella typhiuariut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriui 
TOTAL 6R0KTH* 
X TRANSHITTWCE 
605.23 
551.63 
(59.97 
605.23 
516.98 
627.31 
581.29 
681.96 
627.31 
541.98 
658.63 
612.30 
716.64 
658.63 
578.64 
686.96 
638.30 
746.64 
686.96 
611.63 
720.31 
685,98 
785.64 
720.31 
655.97 
469.96 
473.98 
435.95 
469.96 
501.98 
mii** 
50.44 
45.97 
54.99 
50.44 
43.08 
52.27 
48.44 
56.83 
52.27 
45.16 
54.88 
51.02 
59.72 
54.98 
48.22 
57.25 
53.19 
62.22 
57.25 
50.97 
60.02 
57.16 
65.47 
60.02 
54,66 
39,16 
39.98 
36,3u 
39.16 
41.83 
S.D. 
16.57 
17.02 
16.03 
16.57 
17.44 
16.10 
16.86 
15.82 
16.10 
17.63 
16.09 
16.73 
15.67 
16.09 
17.50 
16.(» 
16.71 
15.13 
16.05 
17.14 
15.62 
16.42 
14.59 
15.62 
16.30 
18.87 
18.23 
17,25 
18.87 
21.57 
S.E, 
+4,79 
+4.92 
+4.63 
+4.79 
+5.04 
+4.65 
+4.87 
+4.57 
+4.65 
+5.09 
+4.65 
+4.83 
+4.53 
+4.65 
+5.06 
+4.64 
+4.83 
+4.37 
+4.64 
+4.95 
+4.51 
+4.75 
+4.22 
t4.51 
+4.71 
+5.45 
+5.27 
+4.98 
+5.45 
+6.23 
R - MEAN + S.E. % 1.96 
SIGNIFICANCE VALUE FOR 
95X COI^ IDENCE LIMIT 
41.05 - 59.83 
36.33 - 55.61 
45.91 - &4.0b 
41.05 - 59.83 
33.20 - 52.96 
43.15 - 61.38 
38.89 - 57.98 
47.87 - 65.78 
43.15 - 61.38 
35.18 - 55.14 
45.76 - 63.99 
41.55 - 60.48 
50.84 - 68.59 
45.76 - 63.99 
38.30 - 38.14 
48.15 - 66.34 
43.72 - 62.65 
53.65 - 70.78 
48.15 - 66.34 
41,27 - 60,67 
51,18 - 68.86 
47.85 - 66.47 
57.19 - 73.74 
51.18 - 68.86 
45.43 - 63.89 
28.48 - 49.84 
29.65 - 50.31 
26.57 - 46.09 
28.48 - 49.84 
29.62 - 54.04 
Safl^le-l = Sitophilus qranarius (L,)(AhQ.) 
Sa«ple-2 = Rhizopertba dotinica (F.)(Ah9.) 
Safflple-3 - Sitophilus granarius (L.)(M.Na9ar.) 
Safflple-4 = Rhizopertha doiJninca(F.)(l1.NaQar.) 
Sa«^le-5 = Oryzaephilus Juriiia«nJis (L.liAlig. 
• Each datus i s aean of three readings, 
« Growth was e,-<pressed in teras of X Transtittance. 
t Observation period was froB 0-108 hours at Interval 
of 12 hours except for first im readings where i t was 
2 and 6 hours respectively. 
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TABLE - 16 
m mm EFFECT OF OIFERDff OHCENTRATia^ OF 2ATARIA MULTIFLOIA (SHAT«) lUVimi EXTRACT! ON GROWTH 
OF BACTERIA ISOLATED FRQ« S(»1E STORED 6RAIN PESTS.* 
CONC. 
r/. 
2X 
z% 
4X 
5'4 
a»iTROL 
SAtffLE 
1 
2 
^ 
4 
5 
I 
2 
T 
4 
5 
t 
2 
3 
4 
5 
I 
n 
L 
3 
4 
5 
1 
n 
/. 
3 
4 
5 
1 
n 
3 
4 
5 
NAf£ {F (KBfWISM 
Staphylo'iijccui alfaui 
Baciiiuj suttiiti5 
Stiphylococcus aureus 
Staphylococcus albus 
SaliOBclia typhiiuriui 
Staphylococcus nlbus 
Bicillus subtilus 
Stiphylococcus aureus 
Siiphylococcus albus 
SaJtojieiia typhiiunui 
Staphylococcus aihus 
Sacillus subtilus 
Stipbflococcus aureus 
Staphylocor.cus albus 
Salaonella typhziuriui 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salaosella typhiiuriua 
Stiphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salionella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus aihus 
Saltonella typhiwuriut 
TOTAL iSlOWTH* 
% TRANSMIHANCE 
565.30 
598.30 
550.96 
565.30 
600.30 
600.63 
636.29 
584.63 
600.63 
634.64 
637.98 
669.62 
624.29 
637.98 
687.65 
699.30 
741.64 
681.95 
699.30 
753.97 
756.63 
786.62 
735.64 
756.63 
810.65 
469.96 
473.98 
435.95 
469.96 
501.98 
mn*^ 
47.10 
49.85 
45.91 
47,10 
50.02 
50.05 
53.02 
48.71 
50.05 
52.88 
53.16 
55.80 
52.02 
53.16 
5/.J; 
58.27 
61.60 
56.82 
58.27 
62.83 
63.05 
65.55 
61.30 
63.05 
67.55 
39.16 
39.98 
36.33 
39.16 
41.63 
S.D. 
12.67 
12.17 
12.74 
12.67 
12.53 
12.31 
11.86 
12.23 
12.31 
12.48 
11.65 
11.73 
12.30 
11.65 
11./O 
11.08 
10.56 
11.82 
11.08 
10.27 
11.22 
10.26 
11.54 
11.22 
8.72 
18,87 
18,23 
17.25 
18.87 
21.57 
S.E. 
+3.66 
t3.51 
+3.68 
t3.66 
+3.62 
+3.55 
+3.43 
+3.53 
+3.55 
+3.60 
+3.37 
+3.39 
+3.55 
+,i . j / 
+o.ib 
+3.20 
+3.05 
+3.41 
+3.20 
+2.97 
+3.24 
+2.96 
+3.33 
+3.24 
+2.52 
+5.45 
t5,27 
+4,98 
+5.45 
+6.23 
R - mn + S.E. X ! 
SIGNIFICWCE VALUE 
95X COJ^ IDENCE LIMIT 
39.93 -
42.97 -
38.69 -
39.93 -
42.92 -
43.09 -
46.29 -
41.79 -
43.09 -
45.82 -
46.55 -
49,15 -
45.06 -
46.55 -
50.6/ -
51.99-
55.82 
50.13 -
51.99 -
57.00 -
56.69 -
59.75 -
54.77 -
56.69 -
62.61 -
28.48 -
29.65 -
26.57 -
28.48 -
29.62 -
• 54.27 
56.73 
• 53.12 
• 54.27 
• 57.11 
• 57.00 
• 59.74 
• 55.63 
• 57.00 
• 59.94 
• 59.76 
• 6^.44 
• 58.¥/ 
• 59./6 
• 63.9-2 
• 64.54 
- 67.77 
• 63.50 
• 64.54 
• 68.65 
• 69.40 
• 71.35 
• 67.83 
• 69.40 
• 72.48 
• 49.84 
• 50.31 
• 46.09 
• 49.84 
• 54,04 
t.96 
F(K 
Sa«ple-1 = Sitophihs granarius (L.XAIig.) 
Safflple-2 = Rhnopertha doiimca (F.KAliq.) 
Saif^ii^^ = Sitophjius granarius (L.lCH.Nagar.) 
Saaple-4 - Shi2opertha doiiBjcalF.XM.Nagar.) 
Saiiiple-5 = Oryiaephilus surinaieiisis(L.)(AliQ. 
•* 
# 
Growth was expressed in tents of % transmttance. 
Each datuffl is a Bean of three readings. 
Observation periods 0-108 hours at an interval of 12 
hours except for first two readings where it was 2 
and 6 hours respectively. 
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TABLE -17 
IH VITRO miCJ Of dlFFERm COHCEiHRJfllOHS Of VmOHlA mUHEimJICA (I^ALOHQl) [ETHmOi mRACTl DH ORDHTH Of 
miERU mLAUD fkoa SOXE 
mc. 
11 
TL 
11 
47. 
OSL 
comoi 
s/wa£ 
I 
2 
3 
4 
5 
1 
2 
3 
4 
5 
I 
2 
3 
4 
5 
/ 
2 
3 
4 
5 
I 
2 
3 
4 
5 
I 
2 
3 
4 
5 
HM Of QROmSli 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salmonella typhmunua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salionella typhiaurius 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
SaliBonella typhiRuriuc 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salffionella typhi*uriu« 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salaonella typhisijriua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salaonella typhnnuriun 
joim QRom* 
t TRmmiMCE 
608.63 
639.9S 
583.64 
605.63 
554.30 
631.31 
672,96 
601.30 
631.31 
587.62 
673.97 
706.65 
648.96 
673.97 
610.28 
707.96 
749,3] 
674.31 
707.96 
638,65 
746.97 
787.30 
705.65 
746.97 
672.32 
469.96 
473.98 
435.95 
469.96 
m.98 
nEM^* 
50.72 
53,33 
48,64 
50.72 
46.i9 
52.61 
56.08 
50,77 
52,6i 
48.96 
56. ]4 
58.88 
54.08 
56.14 
50.85 
58.99 
62.44 
5t.J<' 
58.99 
53.22 
62.25 
65.61 
58.80 
62.25 
56.02 
19.16 
39.98 
36.33 
39.16 
41.83 
S.d. 
16.67 
16,98 
16,76 
16,67 
16.52 
16.61 
16.60 
16.82 
16.61 
16.26 
16.16 
16.39 
16,20 
16.16 
16.24 
15.60 
15.43 
16.07 
15.60 
16.35 
15.34 
14.36 
16.08 
15.34 
16.59 
18.87 
18.23 
17.25 
18.87 
21.57 
S,E, 
^4,81 
H.91 
M,S4 
^4.81 
^4,77 
^,80 
'•4,79 
M.86 
H.80 
H.69 
+4.67 
H.74 
H.68 
H,67 
H.69 
^4.51 
''4,46 
M.64 
H.51 
1^ 4.72 
^4,43 
1*4,15 
1*4,64 
H.43 
H.79 
^5.45 
+5.27 
H.98 
1*5,45 
H.23 
R = «£AH 1* S .E , X 1, ' '6 
SmiflCME VALUE FOR 
951 COHfimCE Lim 
41,29 -
43.71 -
39.15 -
41.29 -
36.84 -
43.20 -
46.69 -
41.24 -
43.20 -
39,76 -
46.98 -
49,58 -
44.91 -
46.98 -
41.66 -
50.15 -
53,69 -
47,09 -
50.15 -
43.97 -
53,56 -
57,47 -
49,70 -
53,56 -
46.63 -
2S.48 -
29.65 -
26,57 -
28,48 -
29,62 -
60,15 
62,95 
58.13 
60.15 
55.54 
62.02 
65.47 
60.29 
62.02 
58,15 
65,29 
68.17 
63.25 
65.29 
60,04 
67.83 
71,18 
65.28 
67,83 
62,47 
70.93 
73.74 
67.89 
70.93 
65.41 
49.84 
50.31 
46,09 
49.84 
54.04 
Saaple-1 - Sitophilus grananus [Diklni.) 
Sa»pie-2 = Rhiiopertha dosinica (F.HAlig.J 
Saiple-3 = SitiDphilus grananus (l..KI?,Na5ar.J 
SaipIe-4 = Rhiiopertha doainmcaiT.KiJ.Sagar.) 
Zit^li-5 - Ory,!aephilus surina«8nsisCL,,U,41ig.J 
» Eii± datiii IS lean of three readings. 
^ Srontb MS expressed in tens of I Trass»ittance. 
# Observation period was irot 0-iOS hours at Interval 
oi 12 hours except for iirst t«o readings ithere it was 
2 and 6 hours respectively. 
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JME -IS 
IN VURO EFFECT OF UlFFEREHl mCthlR.^TIOHS OF mG.mA 5i«S,W (KARANJA) iUm&l EXTRACT] m GROWTH £F 
BACTERIA ISOLATED FROM SOIC STORED GRAIN PESTS.* 
CfflC. 
IK 
2% 
3X 
4X 
5X 
CfMROL 
SAIfLE 
1 
3 
4 
5 
1 
2 
3 
4 
5 
I 
2 
3 
4 
5 
I 
2 
3 
4 
5 
1 
2 
T J 
4 
5 
1 
2 
3 
4 
5 
m£ OF WGANISM 
Stipbylococcus albus 
SaciIIus subtilu5 
Stap/iyiococcuj aureus 
StapAyJococcus aiiuj 
Sa2io»elia typh2iur2ui 
StapijyIc>coccus albus 
BacjJiuJ suitjlus 
Stap/iyJococcui aureus 
Stap/iyiococcus aiius 
SaiioDeiia typ/iiiuriui 
Staphylococcus albus 
Bacillus subtilus 
Otipbylococcus aureus 
Staphylococcus albus 
Saltoriella iyphituriut 
Staphylococcus albus 
Bacillus sufctjlus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriu» 
Staphylococcus albus 
Bacillus subtilas 
Staphylococcus aureus 
Staphylococcus albus 
Saltosella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saiioneiia typhiiuriui 
TOTAL KIOWTH* 
X TRANSMITTANCE 
542.29 
593.64 
520.99 
542.29 
530.30 
566.98 
624.32 
561.97 
566.98 
548.64 
5^.64 
652.31 
558,30 
588.64 
573.63 
622.97 
688.98 
590.64 
622.97 
590.99 
661.65 
744.99 
625.97 
661.65 
621.31 
469.96 
473.98 
435.95 
469.96 
501.98 
f€AN** 
45.19 
49.47 
43.41 
45.19 
44.19 
47.25 
52.03 
46.a3 
47.25 
45.75 
49.05 
54.36 
46.52 
49.05 
47.80 
51.91 
57.41 
49.22 
51.91 
49.25 
55.14 
62.08 
52.16 
55.14 
51.77 
39.16 
39.98 
36.33 
39.16 
41.83 
S.D. 
15.90 
16.30 
15.33 
15.90 
15.36 
15.85 
16.29 
15.40 
15.85 
15.79 
15.78 
15.85 
15.98 
15.78 
15.86 
15.58 
15.27 
15.62 
15.58 
16.09 
15.70 
14.24 
15.58 
15.70 
15.33 
18.87 
18.23 
17.25 
18.87 
21.57 
S.E. 
+4.59 
+4.71 
+4.43 
+4.59 
+4.44 
+4.58 
+4.70 
+4.45 
+4.58 
+4.56 
+4.56 
+4.58 
+4.62 
+4.56 
t4.58 
t4.50 
+4.41 
+4.51 
+4.50 
+4.65 
+4.54 
+4.12 
+4.50 
+4.54 
+4.43 
+5.45 
+5.27 
+4.98 
+5.45 
+6.23 
R = HEAN + S.E. X 1.96 
SIGNIFICANCE VALl£ FOR 
'^'Z, COW^ IDEfCE LIMIT 
36 .19-
40.24 -
34.72 -
36.19 -
35 .48 -
38.27 -
42.82-
38.11 -
38.27 -
36.81 -
40.11 -
45.38 -
37.46 -
40.11 -
38.82 -
43.09 -
48.76 -
40.38 -
43.09 -
40.14 -
46.24 -
54.00 -
43.34 -
46.24 -
43.08 -
28 .48-
29 .65 -
26.57 -
28 .48-
29 .62-
54.18 
58.70 
• 52.09 
54.18 
52.89 
56.23 
61.24 
55.55 
56.23 
54.68 
57.98 
63.34 
55.57 
57.98 
56.77 
• 60.97 
66.05 
58.06 
60.97 
58.36 
64.04 
• 70.15 
• 60.98 
64.04 
60.45 
49.84 
50.31 
46.09 
49.84 
54.04 
Sa«ple-l = Sitophilus granarius (L.)tAh9.) 
Saaple-2 = Rhizopertha dotijtica (F.XAlig.) 
Saiipl8-3 = Sitophilus granarius (L.)(M.NaQar.) 
Saaple-4 - Rhizopertha doiinincaiF.XM.Nagar.) 
Sasple-S = Orynephilus surinaiessjslL.XAhg. 
» Each datuffl is mean of three readings. 
• • Growth was expressed m teras of % Transaittance. 
t (8)servation period was fro« 0-108 hours at Interval 
of 12 hours except for f i rs t two readings where i t was 
2 and 6 hours respectively. 
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TABLE -19 
IH VITRO £ma Of DIFfEfifHT COHCEXTS.ATIOHS OftCNTHA SFICATA imm) C£TH/WC'L DJRKJ] OH GfiOWTH OF 
BACIERU IS0L4TtD r,tO» SO«f S T O O GMIN PESTS.* 
CONC. 
n 
21 
Zl 
a 
n 
COiflROL 
smii 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
J 
2 
3 
4 
5 
i 
2 
3 
4 
r 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
«(«£ Of ORemsn 
staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saloonella typhinunua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salsonella typhinunua 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salawiella typhimunus 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
SalBonella typhifsunua 
Staphylococcus albus 
Bacillus siibtilus 
Staphylococcus aureus 
Staphylococcus albus 
Salmonella typhisunuo 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saloonella typhmuriuit 
TOTAL SROm* 
I TR/^SIflTTME 
569.29 
531.96 
489.32 
569.2? 
506.63 
597.31 
565.30 
507.64 
597.31 
535.iZ 
621.97 
590.Z1 
536.32 
622,97 
560.65 
655.99 
606.97 
558.64 
655.99 
585.31 
688.6Z 
633.33 
591.11 
688.6Z 
t09.30 
469.96 
473.98 
435.95 
U9.96 
501.98 
«E/W 
47.44 
44.33 
40.78 
47.44 
42.22 
49.77 
47.11 
42.30 
49.77 
44.6Z 
51.83 
49.19 
44.69 
51.83 
46,72 
54.66 
50.58 
46,55 
^.66 
48.77 
57.38 
52.77 
49.27 
57.38 
50.77 
39.16 
39.98 
36.33 
39.16 
41.83 
S.0. 
17.08 
16.93 
76.72 
17,08 
16,91 
17,15 
16,33 
17,49 
17,15 
17,01 
16,77 
16,85 
17.15 
16.77 
17.18 
16.46 
27.10 
lb.38 
16.46 
26.76 
15.78 
26.8? 
17.18 
15.78 
16.96 
18.87 
18.23 
17.25 
18.87 
21.57 
S.£. 
H.94 
H.S9 
^5.12 
^4,94 
H.S9 
+4,95 
+4,72 
+5,05 
+4,95 
H.92 
H.S4 
+4,87 
+4,95 
M.84 
+4,96 
+4.76 
^•4.94 
t4.S4 
+4,76 
t4.8+ 
+4,56 
^4.88 
M.3S 
+4,56 
H.90 
+5,45 
+5,27 
+4,98 
+5,45 
*6.23 
R - HEM t S.E. X l.?6 
SmiEICAHCE VALUE FOR 
951 mFWEHCE LWT 
37.75 -
34.74 -
30.74 -
37.75 -
32.63 -
40.06 -
37.86 -
32.40 -
40.06 -
34.98 -
42. 34 -
39.64 -
34.98 -
42.34 -
36.99 -
45.31 -
40.89 -
39.28 -
45.33 -
39.28 -
48.44 -
43.20 -
39,55 -
48,44 -
41.16 -
28.48 -
29.65 -
2 6 . 5 7 -
28.4S -
29.62 -
57.12 
53.91 
50.81 
57.12 
51.80 
59.47 
56.36 
52.19 
59.47 
54.27 
• 61.32 
• 58.73 
• 54.39 
• 61.32 
• 56.44 
• 6J.98 
• 60.26 
• 58.25 
• 63.98 
' 58.25 
• 66.32 
• 62,33 
• 58,99 
66,32 
• 60,37 
49.84 
50.31 
46.09 
• 49.84 
• 54.04 
Snple-l = Sitophilus grananus (L.)(Alig.) 
SaipIe-2 = Rhizopertha dosinica (F.)(Ahg.} 
Saiple-3 = Sitophilus grananus (L.)(H.Hagir.) 
'•aiple-4 - Rhuopertha doBiinincaff.HJJ./^agar,) 
* Each diiut is iea» of tliree readijigs. 
*^ Growth MS expressed n> tens of 7. TraRjiitta»ce. 
# Observition period tas frot 0-108 hours at hiervil 
oi 12 hours except for iirst tuo readings «here it was 
Sa»pIe-5 = Oryzaephilus sunnamensis fl.KAhg.) 2 and 6 hours respectively. 
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TABl£ -20 
IN VITRO EFFECT OF DIFFEJOT COfCENTPATiaJS OF miAHA CMiU [ETfMJL EXTRACT] ON SUMTH OF 
BACTERIA ISOLATED FROM SOf€ STORED BRAIN PESTS.* 
cote. 
n 
n 
i\ 
\i 
sx 
CONTROL 
S W L E NAI€ OF [R6ANISM 
1 
2 
3 
4 
5 
1 
2 
7 
4 
5 
1 
2 
J 
4 
5 
1 
2 
3 
4 
5 
1 
2 
7 
•a 
4 
5 
1 
2 
3 
4 
5 
3taphy]ococcii5 aibui 
licilUs suihiuj 
Staphy/ococcuj aureus 
Staphyiococcus aifrus 
Saiioneila typ/iiiuriut 
Staphylococcus alius 
Bacillus sui)t:ius 
Staphylococcus aureus 
Staphylococcus ^Ih^s 
Saiionella typhiiunui 
%ii^\^^\Qcac<:m a ibus 
^^(•.111X12 ^\l\i\\\\l% 
Zii^'f^'i\ocQ!:c\i^ aureus 
Staphylococcus il'bn.'i 
Zi\\o^tUk typkituriut 
'itiph;flococcus albas 
Bacillus subiilus 
Staphylococcus aureus 
Staphylococcus albas 
Saltonella typhiiuriui 
Staphylococcus aibus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albus 
Saltonella typhituriut 
Staphylococcus albus 
Bacillus subtilus 
Staphylococcus aureus 
Staphylococcus albas 
Saliohella typhiiuriut 
TOTAL SWTH* 
% TRAJeiinANCE 
443.30 
471.64 
500.98 
443.30 
542.97 
4i5.98 
491.65 
529.30 
465.98 
575.63 
495.63 
522.30 
557.97 
495.63 
603.64 
522.29 
550.30 
596.31 
522.29 
637.65 
555.98 
593.29 
628.32 
555.98 
686.97 
469.96 
473.98 
435.95 
469.96 
501.98 
PEAH** 
36.94 
39.30 
41.75 
36.94 
45.24 
38.83 
40.97 
44.11 
J D . 8 3 
47.96 
41.30 
43.52 
46.49 
41.30 
50.30 
43.52 
45.86 
49.69 
43.52 
53.14 
46.33 
49.44 
52.36 
46.33 
57.24 
39.16 
39.98 
7! •'-» 0<J.JJ 
39.16 
41.83 
S.D. 
19.56 
18.98 
18.57 
19.56 
18.96 
19.26 
18.61 
18.74 
19.26 
18.67 
16.43 
18.54 
18.41 
16.43 
17.65 
18.84 
18.15 
18.10 
18.84 
17.16 
17.97 
17.87 
17.55 
17.97 
16.17 
18.87 
18.23 
17.25 
18.87 
21.57 
S.E. 
+5.65 
+5.48 
+5.36 
+5,65 
t5.48 
+5.56 
+5.38 
+5.41 
+5.56 
+5.39 
+4.75 
+5.36 
+5.32 
+4.75 
+5.10 
+5.45 
+5.24 
+5.23 
+5.45 
+4.96 
t5.19 
+5.16 
+5.07 
+5.19 
+4.67 
+5.45 
t5.27 
+4.98 
t5.45 
+6.23 
R - MEAN + S.E. X 1.96 
SI6NIFICANCE VALUE FOR 
95*^  COff IDOCE LIMIT 
25.86 - 48.01 
28.56 - 50.04 
31.24 - 52.25 
25.86 - 48.01 
34.49 - 55.98 
27.93 - 49.73 
30.42 - 51.51 
33.50 - 54.71 
27.93 - 49.73 
37.39 - 58.52 
31.99 - 50.61 
33.01 - 54.02 
36.06 - 56.91 
31.99 - 50.61 
40.30 - 60.29 
32.84 - 54.20 
35.58 - 56.13 
39.44 - 59.94 
32.84 - 54.20 
43.42 - 62.86 
36.16 - 56.50 
39.33 - 59.55 
42.42 - 62.29 
36.16 - 56.50 
48.08 - 66.39 
28.48 - 49.84 
29.65 - 50.31 
26.57 - 46.09 
28.48 - 49.84 
29.62 - 54.04 
Sa«ple-1 = Siiophilus granarius (L.I'.Alig.) 
Safflpl8-2 - fihiiopertha doiinica (F.)lAhQ.'; 
Safflple-3 = Sitophilus granarius (L.)(M.NaQar.) 
Safflpl6-4 = Rhizopertha doiinincalF.ldl.Nagar.) 
Saflple-5 = Oryzaephilus suri!ia»ensis(L.)(Alig.) 
• Each datum is man of three readings. 
« Srowth was expressed in terms of '!> Transaittance. 
t Observation period was fro« 0-108 hours at Interval 
of 12 hours e;>xept for first two readings where it was 
2 and 6 hours respectively. 
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SUMMARY 
Stored grain pests viz., Oryzaephilus surinamensis 
(L). Rhizopertha dominica (F) and Sitophilus c^ ranarius are 
knovm as economically important agricultural pests from all 
over the world, and it is estimated that about 10% of annual 
production is alone damaged by these pests. Therefore, these 
pests were selected to study relationship with the myce-
tomes. 
In 0. surinamensis (L) two pairs of mycetomes are 
present, they are round to oval in shape and situated in the 
3rd and 4th abdominal segments. The mycetomes of R. dominica 
(F) are paired lying on either side of alimentary canal. 
They are oval in shape, white in colour and are arrested by 
trachea. In S_. granarius (L) mycetocytes are lodged inside 
the intestinal caecae and are white in colour situated in 
the anterior portion of midgut. 
The bacteria isolated from mycetomes of 0.surinamen-
sis (L) R. dominica (F) and mycetocytes of S^. granarius (L), 
v?ere grown on different artificial media under _in vitro 
conditions and on the basis of anatomical, morphological and 
biochemical tests, organisms were identified as Salmonella 
typhimurium, Bacillus sublitis, Staphylococcus aureus and 
Staphylococcus albus. It was interestisng to note that same 
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species of insect collected from different places was found to 
harbour different microorganism. 
Various concentrations, 0.01%, 0.02%, 0.03%,0.04% and 
0.05% of synthetic pyrethroids viz., Ralothrin (25EC) and 
Sumicidin (20EC); 0.1%, 0.2%, 0.3%, 0.4% and 0.5% of commercial 
bacterial formulations viz., IPS-78, R-153-78 and 1%, 2%, 4% and 
5% concentrations of Petroleum ether and Ethanolic extracts of 
different parts of plants were used during the present 
investigation to study their effects on the growth of mycetomal 
microorganisms in vitro. Observations were started from 0 hr to 
108 hrs at an intervals of 12 hrs except for first two readings 
where it was 2 and 6 hours respectively after incubation in all 
tests conducted. The growth of bacteria was expressed in terms of 
percentage transmittance with turbidiametric methods with help of 
calorimeter spectronic-20 and green filter was used throughout 
the experiments. All observations were illustrated with help of 
figures and the numerical data was subjected to statistical 
analysis. 
Ralothrin (25EC) was found most effective of all the 
chemicals used, as growth inhibitor of the mycetomal 
microorganisms iri vitro, showing highest percentage of 
transmittance against §. aureus followed by Sumicidin (2QEC) 
which showed highest action against S^. albus. Bac'terial 
formulations viz., R-153-78 and IPS-78 were found most effective 
against S.albus and B. subtilis respectively. 
Petroleum ether extract of Acorus calamus was 
observed to be most effective against S. albus while that of 
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Nigella sativa had shown maximum percentage of transmittance 
against £. typhimurium. Petroleum ether extracts of both Vernonia 
antethelmintica and Zataria multiflora were observed to be highly 
effective against S^ . aureus • Petroleum ether extracts of M. 
officanaliSyP. glabra and M. spicata had been observed to be 
moderate growth inhibitor. The petroleum ether extract of L. 
camara was found least effective against microorganism in 
checking their multiplication iri vitro. 
Ethanolic extracts were found comparatively less 
effective than petroleum ether extracts as potential growth 
inhibitor of mycetomal microorganisms iri vitro. Ethanolic 
extracts of N. sativa and A. calamus were observed to be more 
effective that petroleum ether extracts of M. officanalis, P. 
glabra and M. spicata showing highest percentage of transmittance 
against S^ . aureus and £. albus respectively. Ethanolic extracts 
of Z^. multif lora, V. antethelmintica, £. glabra and M. spicata 
had shown highest percentage of transmittance against S^ . 
typhimirium, B. subtilis and §. albus respectively. 
On the basis of above mentioned results it can be 
summarized that different biocides and chemical extracts of plant 
origin have selective and variable effects on the growth and 
multiplication rate of microbes of pest. These data provides us 
ample evidence that symbionts host relationship can be disturbed 
by the application of these chemicals. This study can also be 
extended histopathologically to observe biocidal efficacy in 
order to control stored grain pests. Studies on these aspects 
are in progress in our laboratory. 
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